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Harold E. Addy, Jr.

National Aeronautics and Space Administration
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Cleveland, Ohio 44135

Abstract

Icing tests were conducted to document ice shapes formed on

three different two-dimensional airfoils and to study the effects

of the accreted ice on aerodynamic performance. The models

tested were representative of airfoil designs in current use for

commercial transport, business jet, and general aviation air-

craft. The models were subjected to a range of icing conditions

in an icing wind tunnel. The conditions were selected primarily
from the Federal Aviation Administration's Federal Aviation

Regulations 25 Appendix C atmospheric icing conditions. A

few examples of supercooled large droplet icing conditions

were included. To verify the aerodynamic performance mea-

surements, molds were made of selected ice shapes formed in

the icing tunnel. Castings of the ice were made and placed on

a model in a dry low-turbulence wind tunnel, and precision

aerodynamic performance measurements were taken. Docu-

mentation is included in this report of all ice shapes produced

and the aerodynamic performance measurements made during

the icing tunnel tests. Results from the dry low-turbulence wind

tunnel tests are also presented.

The report appendix data are available in full in ASCII

(online: http://icedog.grc.nasa.gov); the appendix data are

also available by request in ASCII on CD-ROM (contact:

H.E. Addy, Jr., NASA Glenn Research Center, Cleveland, OH

44135, (216)433--4000, Harold.E.Addy@grc.nasa.gov).

Summary

Design and certification of ice protection systems require

prediction of ice accretions on aircraft surfaces that are unpro-

tected or for which the ice protection system has failed. Analyti-

cal ice accretion computer codes represent an efficient means

of prediction. It was recognized in the early 1990's that accep-
tance of these codes was somewhat limited by the lack of code
validation data. Most of the ice accretion records available in

the open literature were limited to ice shapes formed on a few

basic airfoil sections, such as the two-dimensional

NACA-0012 airfoil. Studies were needed of ice accretions on

airfoils more typical of those being designed and used on

today's aircraft. In response to this need, NASA Glenn
Research Center and the Federal Aviation Administration

(FAA) William J. Hughes Technical Center initiated the Mod-

em Airfoils Program. This program uses icing and wind tunnel

testing to determine ice accretion shapes and their aerodynamic

effects. Understanding of aerodynamic effects is essential in

identifying critical ice shapes that could cause problems in

flight, which is an important part of icing certification.

Icing tests were conducted to document ice shapes and their

aerodynamic effects on three different modem airfoils. The

models, which were representative of current airfoil designs

used in commercial transport, business jet, and general aviation

aircraft, were subjected to a range of icing conditions in an icing

wind tunnel. These conditions were selected primarily from the

FAA's certification envelopes, but a few supercooled large

droplet (SLD) cases were also included. To verify the aerody-

namic performance measurements, molds were made of

selected ice shapes formed in the icing tunnel. Simulated ice

shapes based on the molds were placed on a model in a dr3'

low-turbulence wind tunnel, and precision aerodynamic

performance measurements were made. Documentation is in-

cluded in this report of all the ice shapes and the aerodynamic

performance measurements made during the icing tunnel tests,

providing a new data base for modem airfoils. Results from the

dr5' low-turbulence wind tunnel tests are also presented.

The icing tunnel data show that, for all three types of airfoil,

an exposure to typical FAA Federal Aviation Regulations

(FAR) 25 Appendix C atmospheric icing conditions for 2 min

has a significant effect on the maximum lift coefficient as

calculated from integrated surface pressure data, ctmax, and the

stall angle (the maximum lift coefficient as calculated from the

force balance is designated C/max). This effect is more pro-
nounced when the ice is accreted at temperatures closer to 32 °F

than when it is accreted at lower temperatures. Longer expo-

sures to icing conditions continue to degrade both Clmax and the

stall angle.
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Thetestswithsimulatediceshapesinthe dry low-turbulence

wind tunnel support the trends in the performance data obtained

in the icing tunnel. Moreover, the effect of the Reynolds

number on aerodynamic performance was shown to be

significantly reduced when the leading edge of an airfoil is

contaminated with ice. Finally, the difference in aerodynamic

effects between the two- and three-dimensional ice shapes

indicates that the surface texture and surface irregularities

present in natural aircraft ice are important.

Introduction

Aircraft icing has posed a hazard since powered flight

became a practical means of transportation. Numerous tests

have been conducted in icing wind tunnels not only to design

effective and efficient ice protection systems, but also to study

the ice accretion process itself and the effect of ice on aerody-

namic performance. Valuable information can be gathered

about aircraft icing by recording both the ice accretion's shape
and its location on the airfoil.

Unfortunately, most of the ice accretion records available in

the open literature are limited to ice accretions on a few, older
airfoil sections, such as the two-dimensional NACA-0012

airfoil. Studies of ice accretions for airfoils more typical of

those being designed and used on today" s aircraft are needed to

advance the state of the art in icing prediction tools for both
aircraft design and certification.

In response to these needs, NASA Glenn Research

Center and the FAA William J. Hughes Technical Center

initiated the Modem Airfoils Program. The two objectives of

this project were to document ice shapes on newer airfoils and

to record their aerodynamic effects. The results of this effort,

which are given in this report, form a data base of ice shapes and
aerodynamic performance data for modem airfoils.

Research Approach

To accomplish the goals of this project, appropriate modem

airfoil designs were selected and icing wind tunnel tests were

conducted to collect ice shape and aerodynamic performance

data. Selected ice shapes were made into molds that preserved
the three-dimensional surface texture and roughness of the ice.

Castings were then made from these molds, providing accurate

replicas of the ice formed in the icing wind tunnel. Finally,

selected ice castings were tested in an aerodynamic tunnel

where more accurate and detailed aerodynamic performance
measurements were made.

The NASA Glenn Icing Branch asked U.S. aircraft manufac-

turers to suggest airfoil sections to be used in the project. Only

airfoils representative of those used in current aircraft design,

production, and service were accepted. NASA chose one airfoil

from each of the commercial transport, business jet, and general
aviation categories of aircraft.

The icing tests were conducted in the Icing Research Tunnel

(IRT) at Glenn Research Center. Icing conditions for these tests

were selected from the FAA's FAR 25 Appendix C
atmospheric icing conditions. Some SLD conditions were

included due to the current interest in this area. The airfoils were

subjected to icing conditions for fixed time periods ranging

from 2 to 45 rain. The shorter exposure periods were designed

primarily to study the effects of initial ice buildup. The longer

exposure periods allowed study of the effects of ice shapes like

those used for aircraft icing certification. Air velocities and

model attitudes for the tests were representative of the typical

natural icing flight conditions for each airfoil.

Since the IRT has a relatively high level of air turbulence,

tests were needed in an aerodynamic tunnel to verify the
performance measurements made in the IRT. These detailed

aerodynamic performance tests were conducted in the

Low-Turbulence Pressure Tunnel (LTPT) at NASA Langley
Research Center. The LTPT has a turbulence level of

O. l percent or lower for most of its operating envelope. Because

the tunnel can be pressurized, tests can be run over a range of
Reynolds and Mach numbers. Since few studies have been

done of the effects of Reynolds and Mach numbers on the
aerodynamic performance of an ice-contaminated airfoil, this
was an attractive feature.

Model Descriptions

Four models were built for this project: three that were

selected from the different aircraft categories for tests in the
IRT and one additional general aviation airfoil for tests in the

LTPT. All were two-dimensional single-element models.
Figure 1 shows the cross section of each airfoil. The business

jet airfoil approximates an airfoil section found on the aircraft

main wing, while the commercial transport model approxi-

mates an airfoil section found on the horizontal tailplane. The

general aviation airfoil, the NLF-0414, is also a main wing

design (ref. 1). It is a natural laminar flow design that was

developed at NASA Langley and George Washington Univer-

sity in the early 1980"s. Coordinates for each model are given
in appendix A.

An indication of the differences in aerodynamic performance

among the three airfoils is shown in figure 2. Here, curves are

plotted with pressure coefficients calculated from surface

pressure taps, cp, for each airfoil at similar lift coefficients. It
can be seen that the general aviation airfoil had the most aft

pressure loading of the three airfoils. The business jet main
wing airfoil had only slightly more aft loading at this level of lift

coefficient than the commercial transport horizontal-tailplane
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airfoil.Notealsothewiderangein angleof attack(AOA)
requiredfortheseairfoilstoachievesimilarlift coefficients.
Researcherswereinterestedinhowicemightaccretediffer-
entlyontheseairfoilsandhowtheicewouldaffectaerody-
namicperformance.

ThethreeIRTmodelsweredesignedandfabricatedfor
verticalinstallationin theIRT.EachoftheIRTairfoilshada
spanof6ft andachordof3ft.TheLTPTmodelwasmounted
horizontallyandhada spanof 3 ft anda chordof 3 ft.
Photographsofthemodelsinstalledintheirrespectivetunnels
areshownin figure3.A descriptionoftheconstructionand
instrumentationforeachofthemodelsfollows.

Commercial Transport and Business Jet Models

The commercial transport and business jet models were

made of fiberglass. The construction technique for both models

consisted of several steps. First, two metal templates of each
airfoil section were machined and used as cutting guides for

wooden male patterns. The templates were mounted and aligned
on the ends of blocks of laminated basswood. The blocks were

then machined in the spanwise direction to produce male

patterns of the two-dimensional airfoils. This pattern was used

to create a female fiberglass mold for each model. The molds

were made in two separate halves that intersected at the zero
reference line of the airfoils. The model shells were then laid

into the female molds to a 3/8-in. thickness using epoxy and

fiberglass matting. After the skins dried, the ends were trimmed

and the leading and trailing edges were machined flat to the

zero-reference line (split line J. Then, two 2-in.-thick wooden

spars and seven l-in.-thick wooden ribs were set into the two

shell halves of each model. The spars and ribs were also surface

cut along the split line. The top and bottom ribs were placed
one-half inch from the end so that a 1/2-in. aluminum mounting

plate could be installed. The ribs and spars were bonded to the

shells using a mixture of colloidal silica and epoxy (this mixture

fills in voids in the fiberglass to form a better bond), and the two

shell halves were clamped together until the epoxy hardened.

After the epoxy cured, the two halves were split apart to install

pressure taps and thermocouples. The pressure tap and thermo-

couple locations are given in appendix B.

The static pressure taps were made with 0.040-in.-outside-
diameter stainless steel tubing. Each type K thermocouple was

embedded in the fiberglass skin. First, a hole was counterbored

from the inner surface to a depth of five-sixteenths of an inch.

Then the thermocouple was installed in the counterbore and
backfilled with epoxy. The thermocouple leads were routed

through the ceiling mount similarly to the pressure tubing.
After the instrumentation was installed, the two halves of each

model were bonded together with the epoxy silica mixture.

The first rib at each end of these models was recessed

one-half inch so that an aluminum plate could be installed using

the epoxy silica mixture. Holes were drilled and tapped through

the outer surface into the aluminum plates so that the model
could be mounted in the test section of the IRT.

IRT General Aviation Model

The general aviation model was created primarily of lami-

nated mahogany similarly to the wooden male pattern for the

conmaercial transport and business jet models. A 3-in. square

tubular spar was installed at the quarter-chord location tor

added strength. The trailing edge, from the 30-percent chord to

the end of the model, was also made of fiberglass like the

commercial transport and business jet models. Aluminum

plates were installed at each end of the model for mounting in
the test section of the tunnel.

Seven pressure taps and three thermocouples were installed

in the surface of the model. Their locations are given in

appendix B. Channels were routed in the surface of the

mahogany for the pressure taps and the thermocouples. The

channels were backfilled with epoxy after the instrumentation

was in place. The seven pressure taps were used as reference

pressures for a chordwise strip of pressure-sensitive paint that

was applied to the circumference of the model to measure

surface pressures during the d_ aerodynamic checkout runs.

LTPT General Aviation Model

The general aviation model for the LTPT was built of solid

aluminum. It had a removable leading edge that intersected the

main body of the model at the 16.5-percent chord on the upper

surface and the 2 i-percent chord on the lower surface. Alter-

nate leading edges were designed and built to accommodate the

simulated ice shapes. A cross-sectional sketch of an alternate

leading edge with a simulated ice shape attached is shown in

figure 4. The removable leading edges were attached to

the main body using ten 3/8-in.-diameter bolts and two

3/8-in.-diameter pins. These bolts were inserted through
counterbored holes on the lower surface of the model and

threaded into permanent steel-thread inserts (Keensert) mounted

in the main body. The holes were backfilled with tissue and

dental plaster to give a smooth aerodynamic surface for the

baseline clean leading edge. The plaster could be easily re-

moved to change the leading edge. For alternate leading edges,

the simulated ice shapes covered these counterbored holes.

Surface pressure taps were mounted in the chordwise direc-

tion in the baseline leading edge and in both the chordwise and

spanwise directions in the main body of the model. The spanwise

taps were located on the upper surface at the 70-percent chord
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andatthetrailingedgeandwereusedtomonitorthetwo-
dimensionalityoftheflowoverthemodel.Thechordwisetaps
werenotplacedinastraightrowparalleltothechord.They
wereoffsetata15°anglefromtheupstreamtapstoensurethat
flowdisturbancescausedbyatapwouldnotaffectthedown-
streampressures.Thiswasaconcernonlyforthecleanwing,
becausetheiceshapesattheleadingedgeformedamuchlarger
flowdisturbancethanthesurfacepressuretapsanddominated
boundarylayerflowoverthemodel.Thetapswereangledback
andforthacrossthemodeltolimittheirspanwiseextent,as
shownin figure5.Thealternateleadingedgesdidnothave
surfacepressuretaps.Specialinstrumentationpieceswere
madetoresembletheiceshapes.Fromdigitizedtracingsofthe
originalice,asmoothedprofileoftheicewasgeneratedusing
asmoothingproceduredevelopedatGlennResearchCenter
(ref.2). Variouslevelsof smoothingcanbeobtainedby
specifyingthenumberofcontrolpointsusedforthesmoothing
process.Smoothingwasneededto ensureaccuratepressure
measurements.Twenty-percentcontrol-pointsmoothingwas
usedfor the22.5-min(run621)iceshapeinstrumentation
piece.Ten-percentcontrol-pointsmoothingwasusedforboth
the2-(run622)andthe6-min(run623)iceshapes.These
instrumentationpiecesareshownin figure6. Pressuretap
locationsforthecleanwingandtheiceshapesaregivenin
appendixB.

Test Description

IRT Tests

The IRT is an atmospheric closed-loop refrigerated wind
tunnel capable of operating at temperatures as low as --40 °F

(ref. 3). Airspeeds as high as 430 mph can be attained in the

6-ft-high, 9-fi-wide, 20-ft-long test section. The IRT has a

water spray system capable of producing a uniform icing cloud

with droplet sizes ranging from 15 to 40 _tm in median volumet-

ric diameter (MVD) and from 0.2 to 1.8 g/m 3 in liquid water

content (LWC). The tunnel can produce clouds with larger
MVD's under certain conditions. Several of these conditions

were run for these tests to obtain data for SLD conditions.

The models were mounted vertically in the IRT test section

and attached to an external force balance at both the top and

bottom of each model. The lower portion of the force balance
was mounted to the tunnel turntable and rotated with it. The

upper portion of the force balance also rotated with the model.

It was situated in a special beating that permitted rotary

movement while providing model support. The force balance

was a three-component system measuring lift, drag, and

pitching moment.

A wake survey system was used to measure model section

drag. This system consisted of a movable Pitot probe that

traversed the model wake at midspan and at a distance of
one and one-half chords downstream of the model. Free-stream

conditions were measured using the facility Pitot probe located

two and one-half chords upstream of the model near the tunnel

wall. Total pressures were measured using absolute pressure

transducers; static pressures were measured using a differential

pressure transducer.
Flow visualization with flow cones was used to observe the

onset of flow separation during model rotation and icing. The

flow cone was a white plastic cone 7/8 in. long and 9/32 in.
in diameter at its base. The cones were attached to the model

with a 7/8 in. length of string coming from the cone's apex.

To affix the cone to the model, l-in.-wide aluminum tape was

applied over the string near the cone's apex. The extra string

was doubled back and taped over with 2-in.-wide aluminum

tape. A row of cones was affixed to each model in the chordwise

direction on both the suction and pressure surfaces approxi-

mately 18 in. from the floor of the tunnel.

Icing conditions for tests in the IRT were selected primarily

from the FAA's FAR 25 Appendix C atmospheric icing condi-

tions and included glaze, mixed, and rime ice conditions. Glaze

ice is transparent or translucent and typically has one or two

horns. Rime ice has an opaque milk-white appearance and is

usually thickest at or near the stagnation line. Mixed ice is

transparent in the area of the stagnation line but has opaque

white ice on both sides of the stagnation zone. Neither rime nor

mixed ice has horns. Glaze ice is usually formed at total

temperatures near 32 °F, rime ice usually forms at temperatures

near 0 °F and below, and mixed ice forms at temperatures

between these two. Because cloud liquid-water content and, to

a lesser extent, droplet size also play a role in the determination

of ice type, clear boundaries between ideal conditions of

formation for different types of ice cannot be established. In

tests where the icing exposure periods were too short to ascer-

tain horn growth, the translucency of the ice was used to

determine type. Test matrices for all the tests are given in

appendix C. Air speeds and model attitudes were chosen to

reflect natural icing flight conditions for each category of
aircraft.

The targeted icing exposure times were 2, 3, 6, 22.5, and

45 min. Where actual icing exposure times deviated from these

time periods, the IRT was unable to obtain the desired LWC at

the desired airspeed and droplet size. In these cases, the icing

exposure time was adjusted to approximate the appropriate

amount of ice buildup for the desired set of conditions. For the

commercial transport model, a Mach number of 0.45 was
desired; however, it was found that the IRT could not sustain

this airspeed with ice accreted on the model because the tunnel

blockage became too great. Therefore, the Anderson scaling
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methodswereusedtoadjusttheicingconditionstosimulatethe
0.45MachnumbericingconditionsatalowerMachnumber
(ref.4). Theshortericingexposuretimesof 2 and6 min
provideddataoninitialandearlyicebuildupandassociated
aerodynamicperformancedegradation.Thelongericingexpo-
suretimescorrespondedtoFAAcertificationrequirementsfor
flightin icingconditionswithafailediceprotectionsystem
(22.5min)andnoiceprotectionsystem_45min).Attherequest
ofNASA'sindustrypartners,afewothericingexposuretimes
werealsoincluded.Repeatsofselectedicingtestrunswerealso
conductedtocheckthereproducibilityoftheiceshapesandthe
performancedata.

A typicaltestrunintheIRTconsistedofanumberofsteps.
First,thetunnelandmodelwerecooledtothedesiredtempera-
turebyoperatingthetunnel'sfanandcooler.Thefanwasthen
broughttoastopsothatazeroreadingfortheforcebalance
couldbetaken.Afterrestartingthefan,tunnelairspeedwas
broughttothedesiredlevel.At thispoint,forcebalanceand
wakesurveymeasurementsweremadeforthecleanmodel.
Thentheicingportionofthetestwasexecutedfortheseticing
timeperiod.Oncetheicingspraywasterminated,forcebalance
andwakesurveymeasurementsweretakenfortheicedmodel
atthetestpointattitude.Themodelwasrotated,andforce
balancemeasurementsweremadeovera rangeof model
attitudes.Thetypicalattituderangewas--4°tostall.Attempts
torotatethemodelpaststallwerenotmadeduetoheavymodel
buffeting.Themodelwasreturnedtoitssetpointattitude,and
thefanwasshutoff.Anotherforcebalancezeromeasurement
wasmade.Photographsof theiceweretaken,andcutswere
madeintheicesothattracingsoftheiceshapecouldbemade.
Normally,threetracingsweremadeoftheiceshape:oneatthe
tunnelcenterline,one6in.below,andone6in.above.Finally,
thethicknessoftheiceatthecutswasmeasuredusingadepth
gauge.Theicewasthencleanedoffthemodelandpreparations
weremadeforthenextrun.

LTPT Tests

The LTPT is a pressurized closed-loop wind tunnel (ref. 5).

Its 3-ft-wide, 7.5-ft-high, 7.5-ft-long test section is capable of

operating at Reynolds numbers as high as 15 million/ft and

Mach numbers as high as 0.4. For the tests in this project, the

tunnel turbulence was 0.1 percent of free-stream velocity or

lower. The tunnel has a sidewall boundary layer control system

that was used to promote a two-dimensional flow field around

the model. Lift and pitching moment forces were measured by

integrating static surface pressures on the model. A drag wake

survey system was used to measure drag forces. A force balance

system was also used to measure and monitor drag, lift, and

pitching moment forces.

A second general aviation model was built for the LTPT tests.

It was installed horizontally in the test section of the tunnel with

the trailing edge of the model in the existing sidewall venting

area of the tunnel turntable. The sidewall venting area consists

of small closely spaced holes in the endplate of the turntable.

The holes lead through the endplate to a system of flexible

ducting and valves. This system was vented to atmospheric

pressure outside the tunnel's pressure vessel. Venting of the

pressurized air inside the tunnel out through the turntable

endplates helped to control the sidewall flow over the model.

The amount of venting for each test point was limited, however,

by the tunnel operating pressure. At test points near atmo-

spheric pressure, such as those near the Mach and Reynolds

numbers of the IRT tests, a very limited amount of sidewall

boundary layer control was available. The venting strip for this

model was about 16 in. long and about three-fourths of an

inch wide. It was tailored to follow the upper surface contour

using strips of aluminum tape. The LTPT test engineers recom-

mended this amount of venting on the basis of their past

experience. A photograph of the vented area on one side of the

tunnel is shown in figure 7.

Because the trailing edge of the model was intentionally

placed in the venting area of the tunnel endplates, the leading

edge of the model overhung the leading edge of the turntable

by approximately 3 in. The small gap, approximately

one-sixteenth of an inch, was sealed with room-temperature

vulcanizing (RTV) silicone sealant. An RTV release agent was

applied to the wall prior to application of the RTV to the gap.

After the RTV had cured, a piano wire was run along the wall

to ensure release of the RTV. This proved to be a good seal

against excessive leakage around the ends of the leading edge
but did not interfere with force balance measurements.

Ice shapes were accreted on the NLF-0414 airfoil in the IRT

over a range of icing conditions chosen from the FAR 25

Appendix C atmospheric icing conditions. Airspeeds and

model attitudes typical of general aviation aircraft were used in

the ice accretion tests. Molds were made of selected ice shapes

formed during these tests Iref. 6). From these molds, three

different ice shapes were chosen for the aerodynamic tests in

the LTPT that had been formed from three different exposure

times to the same glaze ice conditions. The icing conditions

included a static air temperature of-5 °C, a mean volumetric

droplet diameter of 20 _m, a cloud liquid-water content of

0.54 g/m 3 at an airspeed of 66.9 m/sec (130 kn), and a model

attitude of 2°. The three icing exposure times were 2 _run 621 ),

6 (run 622), and 22.5 irun 623_ min. Figure 8 shows tracings

of the three ice shapes that were used for castings for the LTPT

tests. Aerodynamic performance data were not obtained for the

2-min ice shape in the LTPT due to a dimensional error in

creating the casting.
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In additionto thecastice shapes,threesmoothtwo-
dimensionaliceshapesweremanufacturedandtested.These
two-dimensionalshapesweremadefromthetracingsoficethat
werealsousedtomakethecastingsforthethree-dimensional
iceshapes.Thetracingswerefirstdigitizedusingadigitizing
tablet,thensmoothedusingthecomputationalroutineusedby
Vickerman(ref.2).Theresultingsmoothedtracingsareshown
infigure9.Fifty-percentcontrol-pointsmoothingwasusedfor
the2-(run621)and6-min(run622)shapes.Twenty-percent
control-pointsmoothingwasusedforthe22.5-min(run623)
iceshape.Thesesmoothedtracingswerethenprojectedinthe
spanwisedirectionusinga computer-aideddesign(CAD)
programto obtaina two-dimensionaliceshapesimilarin
concepttoatwo-dimensionalairfoilmodel.Arapid-prototyping
processknownasstereolithographywasusedtogeneratethe
two-dimensionaliceshapesfromtheCADmodelsforthetests.

Ice shapeswereinstalledon themodelusinga setof
10-32flatheadscrewsbetweenthe10-and14-percentchords
onboththeupperandlowersurfaces.Thescrewswerecovered
withdentalplasterandthensmoothedtomatchthesurrounding
surface.Bodyputtywasusedtofairintheinterfacebetweenthe
iceshapeandthemainwingbody.Theinterfacesbetweenthe
iceshapeandthemainwingweresealedwithanRTV,aswell
astheinterfacesbetweenadjacenticeshapepiecesandthe
pressureinstrumentationstrip.Theoriginalmoldspanned
approximately15in.of theairfoil,somultiplecastsofeach
moldweremadeandthenpiecedtogethertospanthe3-ft-wide
tunnel.Theinstrumentationstripswerealsosecuredto the
leadingedgeof themodelwithscrews.

Afteraniceshapewasinstalledandtheinstrumentationwas
checked,thetunnelwaspressurizedandthefanwasstarted.
OncethesetMachandReynoldsnumberswerereached,the
modelwasrotatedthrougharangeof attitudes,usuallyfrom
-4° to severaldegreespaststall.ThenthenewMachand
Reynoldsnumbersweresetandthemodelwasagainrotated
throughtherangeofattitudes.

Results

Results from the IRT tests will be discussed first, followed by

results from the LTPT tests. All of the data are given in

appendix D. In this report, model attitude is the angle of the

chord of the model with respect to the tunnel centerline. Where

standard wind tunnel correction factors have been applied, the

term "angle of attack" (AOA) is used (ref. 7). The maximum lift

coefficient as calculated from the force balance is designated

Clmax. This overall lift coefficient takes lift generated over the
entire model into account. The maximum lift coefficient as

calculated from integrated surface pressure data, also known as

the section lift, is designated C/max.

IRT Results

Data from the tests run in the IRT are shown in a composite

form in appendix D. Included in this data are (1) actual tunnel
icing conditions for each test run: (2) clean airfoil and iced

airfoil drag coefficients for the A OA, airspeed, and temperature

at which the ice was accreted as measured by the drag wake

survey system; (3) clean airfoil and iced airfoil lift coefficients

for the AOA, airspeed, and temperature at which the ice

was accreted as measured by the tunnel's force balance:

(4) digitized tracings of the ice at the locations shown:

(5) ice thickness at the locations of the tracings; (6) photograph(s)

of the ice; and (7) a plot of the clean and iced airfoil lift
coefficients versusAOA. Force balance data were not available

for all the test runs. This was either because the force balance

was not installed or because time did not permit the acquisition

of the full complement of force balance versus AOA data.

While the ability of the IRT to repeat ice shapes for a given

set of icing conditions is well established, several repeat runs

were made for each model (ref. 8). An example of the tunnel's

repeatability is given in figure I0, where ice tracings taken at

the tunnel centerline are given for several separate test runs.

An error analysis of the algorithm and the pressure instru-

mentation used to calculate the drag coefficients shows that the

uncertainty for these values is + 12 drag counts, where one drag

count is an increment of 0.0001 in drag coefficient. This is low

for the drag of an airfoil with ice accretion, which ranges

typically from several hundred to over a thousand counts

of drag.
A static calibration of the force balance has shown the

accuracy of this measurement system to be +3 percent. It has
been observed, however, that for two-dimensional wind tunnel

tests where a constant chord model completely spans the test

section, the spanwise distribution of lift caused by the tunnel

walls typically diminishes lift by 10 to 15 percent at the

maximum lift coefficient Clrr_x (ref. 9). As shown in figure 11,
this effect was observed in the IRT. In this figure, lift coefficient

versus AOA curves for the clean business jet model as

measured by the IRT force balance and integrated surface

pressure taps are shown. The business jet model was not rotated

past stall in these tests due to severe buffeting. Stall was
confirmed by observation of the tufts attached to the suction
surface of the model.

The diminished lift at Clmax as measured by the force balance
is also observed for the clean general aviation model when the

lift curves from the IRT and the LTPT tests are compared, as

shown in figure 12. The data for the LTPT shown in this figure

are from integrating the surface pressure tap data, while the IRT
data are from the force balance. It also should be noted that the

stall angle is increased by about 2° in the IRT. This may also be
due to the model-sidewall interaction.
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Anadditionalcomplicationispresentwhenmakingforce
balanceperformancemeasurementsinanicingtunnel.Because
theuniformicingcloudinthetunneldoesnotextendfromfloor
toceilingacrosstheentirespanofthemodel,theiceshapes
taperoffateachend.IntheIRT,thesenonuniformendsofthe
iceshapesextendedabout12in.fromboththefloorandthe
ceilingofthetunnelforthebusinessjetairfoilandthecommer-
cialtransportairfoiltests.Thegeneralaviationtestsoccurred
afteranewspraybarsystemwasinstalledin thetunnelthat
enlargedtheareaof calibrateduniformityof thecloud.For
thesetests,thenonuniformiceshapesextendedabout4in.from
thefloorandceiling.

Figure13showslift coefficientversusAOA data for a

6-min (run 622) glaze ice shape from both the IRT and the

LTPT for the general aviation model. The IRT lift coefficient
data were obtained from the force balance after accreting the ice

using the tunnel's icing cloud spray system. The LTPT lift

coefficient data were obtained by integrating surface pressure
data from the model with the casting of the ice shape attached.

The mold of the original ice was approximately 15 in. long,

so several of the castings were made and cut to fit across the

3-ft span of the model in the LTPT. Using this technique, the

fully developed ice shape spanned the entire length of the

model and was not tapered at the wall like the original ice shape
in the IRT. Similar results for the 22.5-min (run 623) glaze ice

shape are shown in figure 14. In addition to the diminished

C/ma_x and higher stall angle measured by the force balance in
the 1RT, the slope of the lift curves at the lowerAOA is slightly

lower than those measured for the full-span ice shapes. The

lower Cimax measured in the IRT may be caused by the tapered
ice shapes at the ends of the model, although it is unknown

precisely how the airflow is affected by the tapered ice at the

walls. The measurements made by the IRT force balance

system are nonetheless fairly accurate, especially when com-

paring the performance of the iced and clean airfoils.
A total of 84 icing runs were made with the business jet

model. These were done in two separate entries in the IRT. In

the first entry, the model was not mounted to the force balance,
so lift data were not taken for this set of tests. The test matrix for

the first set of business jet tests is given in appendix CI, while

the test matrix for the second set is given in appendix C2.

Results for the first set of tests are given in appendix D1 and

results for the second set are given in appendix D2.
A total of 33 icing test runs were made in the IRT with the

commercial transport model. Both the desired conditions at

Mach number = 0.45, which were unattainable due to blockage in

the tunnel, and the scaled conditions at Mach number = 0.40

used in the test are given in appendix C3. Results of the

commercial transport airfoil IRT tests are given in appendix D3.

Like the business jet model, the commercial transport model was

not rotated past stall due to severe buffeting.

A total of 49 icing test runs were made with the general
aviation airfoil in the IRT. The test matrix for these runs is

given in appendix C4. Results for these tests are given in

appendix D4.
The effect of varying icing exposure time is shown in

figure 15. Here, lift coefficients are plotted versusAOA for each
of the three models. In each case, the model was exposed to the

same glaze ice conditions for three different periods of time. As
can be seen in the figures, exposures to glaze icing conditions

for time periods as short as 2 rain has a significant effect on both

Clmax and the stall angle, resulting in decreases of 25 to
30 percent in Clrn_x and of 1° to 8° in the stall angle.

The effects of various types of ice on C/max and the stall angle
for the airfoils are shown in figure 16. In these runs, each model

was exposed to glaze, mixed, and rime icing conditions for the

equivalent of 6 min. Lift versus A OA data were not obtained for
rime ice accreted on the commercial transport model due to

time constraints. For each model, glaze ice caused the largest

degradation in Ctrna_xand the stall angle, although there was not

a large difference in the effects of the three ice types on the

business jet model. This may be due to the higherAOA at which
the ice was accreted for this model. All ice types degraded

aerodynamic performance to the point where none should be
overlooked as a hazard to safe flight.

A further analysis of the IRT data can be found in
reference 10.

LTPT Results

Five different ice shapes were used in the dry tunnel tests at

the LTPT. All were from ice shapes accreted during the general

aviation icing tests in the IRT. Castings were made from ice
accreted under icing conditions for IRT test runs 621,622, and

623. As described earlier, corresponding two-dimensional ice

shapes for these three test runs were manufactured and tested.

During the testing at the LTPT, it was found that the casting for
run 621 had not been manufactured properly. When the

original mold of the ice was made in the IRT, the mold box had

not been aligned correctly with the model. Steps were taken to

compensate for the misalignment, but the resulting ice shape
was much thicker than the original ice and did not resemble a

natural ice accretion. Therefore, only a few data points were run

and are not included in this report.

The matrices for the LTPT tests with the general aviation

airfoil are given in appendix C6. Reynolds numbers varied
from 1.0 to 12 million, while Mach numbers varied from

0.05 to 0.29. Results from tests of clean models and the

five different ice shapes are given in appendix D5. Included in
the results is lift coefficient versus AOA curves for each

combination of Reynolds and Mach numbers in the test matrix.

All of the lift coefficients shown are from integrated surface
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pressuremeasurements.Dragcoefficientdataarealsogivenfor
theruns.Wakesurveydatawereusedtocalculatedragcoeffi-
cientsfor mostof theruns.Someproblemswiththewake
surveysystemduringthecleanmodelandiceshape623-2D
tests,wakesurveyintegrityconcernsatthehigherAOA, and

time constraints prevented obtaining drag wake data for all of

the runs. Where wake survey data were not available, drag data

from the force balance are shown in italics. Where the drag

forces on the model were low, typically about 300 drag counts
or less, the force balance drag data were inconsistent. However,

above 300 drag counts, the force balance drag data were
consistent and agreed well with the wake survey data. Standard

wind tunnel correction factors were applied to all of the lift and

drag coefficient data (ref. 7). Pressure coefficient curves are

shown for every other AOA for each of the runs.

Both force balance and surface pressure measurements

were used to calculate lift coefficients. Surface pressure

measurements are usually accepted as the more accurate method
to determine lift coefficients for two-dimensional models.

However, the three-dimensional character of the ice castings

may have caused performance degradation that was not accu-
rately reflected in the section lift coefficients derived from

surface pressures. Therefore, force balance measurements, in

which the lift over the entire model is taken into account, were
also taken. It was found that the lift coefficients derived from

the force balance and from the pressure taps agreed well.
Figure 17 shows lift versusAOA curves derived from both force

balance and surface pressure measurements for (a) 6-min and

(b) 22.5-min three-dimensional ice shapes. A maximum

5-percent difference was typical. Because the lift coefficients

calculated from the surface pressure measurements are more

accurate, they will be used to discuss the results in the remain-

der of this report. The measurement error of the data indicates

that the lift coefficients calculated from the surface pressures

have an uncertainty of approximately +2 percent up to the

maximum lift coefficient Clmax. Beyond Clmax, the unsteady
flow results in greater uncertainty in the lift coefficient values.

Figure 18 shows lift curves for the 6- and 22.5-rain cast ice

shapes attached to the general aviation model in the LTPT as

well as for the clean model. The ice shapes again had a dramatic

effect on both Clmax and the stall angle, as can be seen in the
figure.

Figure 19 shows the effect of the Reynolds number at a

Mach number of 0.21 for (a) the clean model, (b) 6-min ice

shapes, and (c) 22.5-min ice shapes. Data for the clean model

indicate a 5-percent increase in Clmax as the Reynolds number
is increased from 4.6 to 10 million, while the stall angle remains

unchanged. As was mentioned earlier, an increase in Clmax is
typical of most airfoils. However, for both the 6-min and the

22.5-min ice shapes, there is no increase in Clmax and no change

in the stall angle. This substantiates the idea that the presence
of ice on an airfoil overrides the normal effect viscous forces

have on airfoil boundary-layer behavior.

In figure 20, lift characteristics are compared of(a) 6-min and

(b) 22.5-min two- and three-dimensional ice shapes. In both

cases, the three-dimensional ice shapes show greater aerody-

namic penalties than the corresponding two-dimensional ice

shapes. For both ice shapes, Clmax is approximately 9 percent
higher for the two-dimensionalice shapes and, for the 22.5-min

ice shape, stall angle is increased by 1°. This indicates that, to

obtain the proper aerodynamic effects, at least some of the

complex, irregular surface features of the ice need to be

included in any aircraft ice mockup.

Further analysis of the general aviation airfoil data from the
LTPT tests can be found in reference 11.

Concluding Remarks

An extensive experimental study of various ice shapes on

three modern airfoils was performed. The resulting data are

useful for ice prediction code validation, as well as to gain

insight into the effects of ice accretions on aerodynamic
performance (ref. 12).

The icing tunnel data show that, for all three types of airfoils,

an exposure to typical Federal Aviation Administration's Fed-

eral Aviation Regulations 25 Appendix C atmospheric icing

conditions for as short a period as 2 min has a significant effect

on Clmax and the stall angle. This is particularly true in the case

of glaze ice. Longer exposures to icing conditions continue to

degrade both Chnax and the stall angle.

Tests with the simulated ice shapes in the dry Low-Turbu-

lence Pressure Tunnel (LTPT) support the performance data

trends obtained in the Icing Research Tunnel (IRT). Moreover,

the effect of the Reynolds number on aerodynamic perfor-

mance was shown to be significantly reduced when the leading

edge of an airfoil is contaminated with ice. This suggests that

expensive testing for icing effects at full-scale Reynolds

numbers may be reduced or may not be needed. Finally, the
difference in aerodynamic effects between the two- and three-

dimensional ice shapes indicates that the surface texture and

irregularities present in natural aircraft ice are important.

With this data base in hand, hypotheses may be formed about

the physical mechanisms that play significant roles in the

observed behavior of iced airfoils. Detailed investigations into

these mechanisms are needed to gain physical understanding

and to produce better aircraft icing tools for prediction of
critical ice shapes for airfoils.

National Aeronautics and Space Administration
John H. Glenn Research Center at Lewis Field

Cleveland, Ohio 44135, April 17, 2000
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(a)
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Figure 1.--Airfoils used in the Modern Airfoil Program.
(a) Business jet airfoil. (b) Commercial transport airfoil.
(c) General aviation airfoil.
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Figure 2.--Pressure coefficient curves for the three airfoils at similar lift coefficients.
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(a) (b)

(c) (d)

Figure 3._Models used in the Modern Airfoil Program. (a) Business jet model. (b) Commercial

transport model. (c) General aviation model. (d) General aviation model used in Low-Turbulence

Pressure Tunnel (LTP'I').
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Figure 4,--Cross section of alternate leading edge with ice shape for LTPT general aviation model.
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Figure 5.--Upper surface pressure taps on LTPT general aviation model.
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(a)

(b)

m

(c)

Figure 6.--Ice shape instrumentation pieces for LTPT general aviation model with
tap locations shown. (a) 2-min (run 621). (b) 6-min (run 622). (c) 22.5-min (run 623).
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Figure 7.--Sidewall venting over trailing edge of general aviation model in LTPT.
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(a)

(b)

(c)

Figure 8.BTracings of ice shapes for LTPT general aviation model tests.

(a) 2-min (run 621). (b) 6-min (run 622). (c) 22.5-min (run 623). Speed, 130 kn;

attitude, 2°; total temperature, Tt, 26.4 °F; median volumetric diameter, MVD,

20 pm; liquid water content, LWC, 0.54 g/m3.
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(a)

(b)

(c)

Figure 9.--Smoothed two-dimensional ice shapes for LTPT general aviation model

tests. (a) 2-min (run 621). (b) 6-min (run 622). (c) 22.5-min (run 623). Speed, 130 kn;

attitude, 2°; total temperature, Tt, 26.4 °F; median volumetric diameter, MVD, 20 _um;
liquid water content, LWC, 0.54 g/m 3.
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Figure 10.mice shape repeatability in Icing Research Tunnel (IRT) (6-min ice shape). First repetition,

rl; second repetition, r 2.
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Figure 11.--Lift coefficients from force balance and pressure tap data for the clean

business jet model (IRT). Lift coefficient calculated from surface pressure taps, c/;,lift
coefficient calculated from force balance measurements, C/.
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Figure 12._Comparison of IRT and LTPT lift coefficients ((2/and Cl, respectively) for clean
general aviation models. Uft coefficient C/was calculated from force balance measurements;
lift coefficient c/was calculated from surface pressure taps.
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Figure 13.mComparison of IRT and LTPT lift coefficients (CI and c I, respectively) for
6-rain ice shape (run 622). Lift coefficient CI was calculated from force balance

measurements; lift coefficient c I was calculated from surface pressure taps.
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Figure 14.uComparison of IRT and LTPT lift coefficients (C I and c I, respectively) for

22.5-min ice shape (run 623). Lift coefficient C I was calculated from force balance

measurements; lift coefficient Cl was calculated from surface pressure taps.
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Figure 18.mLift curves for castings of three-dimensional ice shapes at a Mach number of
0.2 and a Reynolds number of 6.4x106 on general aviation airfoil (LTPT).
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three-dimensional ice shapes on general aviation airfoil (LTP'r).
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A1 .--BUSINESS JET AIRFOIL COORDINATES

X/C Z/C X/C Z/C

1.0000_ -0.00033 i 0.00000 i_-0.00392....
0.82500 _ -0.01321 - ! 0.00050! -0.00006
0.80000 -0.01506 ' 0.00100 0.00137

--0177500 LL-0.01691 i 0.00150 0.00246
0_0-0.01876 _- - _.002_0337

0.72500 i -0.02061

0.7_0000]:o_ ....
0.67500 -0.02427

0.00300 0.00471

0;00400'0.00594.
[ ooo5o6_dio6691

0.650001-0.02610_ 0.00750 0.0087(
_6250o_:o.62788, old16ooi_.... 0.00999

0.60000 -0.02953 i 0.01250! 0.01108
0.57500i-0.03108 0.01500 0.01212

0.52500 -0.03383 I 0.02500 ! 0.01547
0.50000i-0.03501i 0_03000_ 0101694

o_7_O_-bSJ3597_- o.o4oooi 0.o1956
0.45000 -0.03666 !0.05000! 0.02184
0.42500 -0.03706 0.06000 0.02388

0.40000! -0.03718, :0.075001 0.02670

0.37500 -0.03709 - _ .j 0.10000! 0.03066

0.350001-0.03681i _0.12500 0.03404
0.325001
0.30000

0.27500i

0.22500

o.2ooooi
0.175001

-0.03643 i &.15000J 0.03698
-0.03598'-- .I0.17500L0.03951
-0.035451 0.20000 0.0416!

-0.03482_ i0.2250_ 0.04359
-0.03410 i0:250000.0_04520
-0.03322i 0.27500 0.04654

-0.03218L_ _ 0.30000 i 0.04771
0.15000

0.12500 i

0.10000_
0.07500_

-0.03094! L0.32500! 0.04862

-0.02969_ .... _ 0.35000:0.04924

-0.02833 i 0.37500 0.04951

-0.02672i _00 T- 0.04956
0.06000 -0.02551, _0.425001 0.04942

0.05000 -0.02455i 0.45000 0.04915

0.04000 -0.02338' _0.47500_ 0.04863
0.03000 -0.02185 |O_50000 Oib478-9

----1

o.o25ool-o.o2o9o i 0.52500 0.0468_

0.02000i-0.01977+___0.55000 i 0.04555

0.01500 -0.01833 _ 10.57500! 0.04404
0.01250i-0.01748 _0.60000 0.04233

0.01000!-0.01656 i 0.62500 0.04042
0100750-01015471_ _di6gO00_ 0.03837

10.67500!0.00500 -0.01386 0.0362:
0.00400-0.01299T 0.70000 0.033_)-7

0.00300 -0.01192i 0.72500i 0.03154

0.00200-0.01054 L0.750()0 _ 0.02901

0.00150 !:0__0_0_9671 !0.77500 0.02629

0.00100[-0.008621
0.00050 -0.007231

0.80000; 0.0234(
0.82500' 0.02058

!1-000004 0.000330.00000i-0.003921
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A2.--COMMERCIAL TRANSPORT AIRFOIL COORDINATES

x/c ; z/c yac I z/c
t

_1.00000010.008649 - 0.349370-0.033927

0.990740! 0.007881 . 0.335871 _ -0.033921

0.980977- 0.007064 0.322380L -0.033840

0.9707240.006200: 0.3089101-0.033732
0.9600030.005287: 0.2954-6_585

........... I

0.948844 0.004332 0.2820571 -0.033411

X/C Z/C _ 4 X/C i Z/C
0.035223 0.029423 0.635551' 0.043928

0.041185 0.031511 0.648984i 0.042839
0.047581 0.033515- 0.662418-01041710:

0.054426 0.035429 _0.675855_0.040544
0.061730 0.037255 0.689294 0.039347

0.069503 0.038992 0.702733 0.038120
_ . f +

0040642 !0.716173 O.0368670.937286 0.0033331 0.2686951 -0.033220 0.077750
• _ _.___ 20.925373 0.002286! 0.255396 i -0.033018 0.086474 0.042203 i 0.729612_ 0.03559

0_131-500.001195! 0.2_0-0.032802 0_095671_ii_43677_ _ 0.743047_ 0.034298
0.900662 0.000006_ 0.2290701-0.032567 i0.105330 0.0450661 _0.7564760.032989

0.887952 -0.001095! 0.216091!-0.032306 i0.1154360.046372:0.76989510.031670

-0.032010_ I 0.1259640.047594! _01783298] -61030345
0:875058.0.862015-0.003489:0'0022810.1906420"203272-0_1-6691_013688Y_ 0_48731_ " 0.796_ 6_029018

%1848852 -0.004715, 0.178234 -0.031278! 101i4817ii 0.0_- -0_1062710_027689

0.835594 -0.005957, 0.166084 -0.030817! 0.159781_0.050754' 0.823333 0.026365
.......... ± -

.0.822262-0.007211_ + 0.154228i
0.808873-0.008473 0.142703
0.795441-0.009737 0.1315471

0.781977 i -0.011000 0.1207951

-0.030289

-0.029705

-0.029071

0.171677! 0.051649 _ 10.836583 0.025048

0.183822i 0.052471" _ 0.849759_ 0.023742

0.196182_ 0.052321 _0.862842 0.022453
-0.0283881 0.2087221 0.053863 10.875806 0.021182

0.768490 -0.012261 0.1104771-0.0276581 0.221416i 0.054424 i 0.888621" 01019933

0-754987 --0.013517 .... b 100617_ -0.026881i 0.2342370.054900 T0.90i25410.018711

0.7_,1-474 -(3J314_3! - _09123_-63_Q_:_471"76 0._276 !0.913667_0..()1Y521
%.:f27956- '0.015cj94! -0_082-328 -0.025204 i 01260202- 0.055525" _ 0.9:_5817_0..-0_0

017144,3_4-01017206_ .... O_6!-0.024309 q O.2_2,_. O..055658_i O.93,7660'.-0-015266

0.7009121-0.018395 0.065958

0.687390 ! -0.019556 0.058473

0.673870-0.020686 0.051434

0.660352 _ -0.021783 0.044823

0.646836_ -0.022843_ _ 0.038616i

0.633332-0.023862 _ 0.0327921

0.619810 -0.024838 0.027333 I
O_60630-0_ -0.025769; 0.022232!
0.59-2791- :0_26652i _ 0.0174901

0_57928f '0.027486i i 6.0_07_

-0:0-28267'i 0009 90
0.552262-0.028998 _ 0.005522i
0.538750:-0.029676 0.002576

-0.023373! i0.286525 0.0557191
i0.299796_ 0.055754i-0.022407

0.949149 i 0.014211
0.960241i -01013201

-0.021387 0.31312310.055776_ .0.970898 _ 0.012236
-0.020314 0326492i 0.055788' , 0.981090_ 0.011321

-0.019194 0.339889i 0.055780 _0.990794 _ 0.010457

-0.0180271 0.353305 _ 0.055740 i0.999998, 0.009644
-00167971 i0.366733! 0.055654 i -- .....

-010154671 I0.380170 0_55512 ! !-----

-0.0140011 -_--0.393614_01055318_--- --

-0.010609 0A20517 0.0548i9 T - - _ ....

-0.0085581  ; 51011 1111ji iiii 
-0.006619 _ 0.447428 i 0.054154 i

0.525237 ! -0.030300 0.000617 i
0.00000210.511720 -0.030871

0.498201 -0.031389
0.484678-0.031856 0.000330!

0.471153 -0.032270 0.001411!
i

0.457624 -0.032635 0.0031231

0.000330 i

0.444092 -0.032952 0.005434

-0.003357 _0.460880i 0.053752

-0.0002781 0.474331i 0.053300_ _ ....
0.002726! i0.487778 0.052799 i

0.002726_ ....._O.0.501_2210..052248

o.0057231 10.514662 0.0516451

0.008853 _ -_0.528100 0.050990!
0.01_07 _ i0.541535 0.050282i _ -__.
0.0_-781 _ 10.5549680.430558i -0.033221 0.0083211

0.4170261 -0.033445 0 011711i 0.017531 0.568399i

0.4304871-0.033624 0.015544i 0.020162 0.581829

0.389952 -0.033760 0.019824 i 0.022656

0.376420. -0.033855 0.024542 i 0.025013
0.362894 -0.033910i 0.029678! 0.027260

0.595259

0.049523 ........

0.048712. _ .......
0.047851 i

• _

0.046940

0.608689 0.045981 i

0.622119 0.0449771
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A3.--GENERAL AVIATION AIRFOIL COORDINATES

x/c i z/c i I x/c ! z/c i x/c i z/c i i x/c z/c
-1-.0OO00_-0_2-751: [0.47869i-0._985 r 0._86, 0.01082, _ 0.548380.0781:/'

-O,0596 ! i 0.00653_ 6_ ! 0156558, 0_-_00.9947"I -0.02723 0.46171_ 41 ' " -_

0.98894 _ -0.026951 _ 0.44476! -0 ,0_5935-" l 0.0-1154! ().-020_66 i 0,5826_ 0.0752---a,

0.98271-0.02669 0.42788 -0.0589ZL L 0.0176_ _7_21 i 0.599671
0.97602-0.02645 10.41107 -0.05851i ; 002450_ 0.02836- 10._3 _
0.96886 -0.02624 i 0.39435 _ .0.05796i I 0_-,03202! 0.()-3177_ 0.63322_ 0.06926

0.96123 -0.02604 _-0,37775 -0_.05732_ i 0.04009_ 0.03506! 0,_41 ().06682
0.95316:-o.o25871 i 0.36128 -0.05661 _ 0,048-691 _38:23_ 0_-6605 -0,06414

0.94463 i --0..0_ ,--C)-134495 ; ..... _ i- - + --'-- -:----0.05583 _-0.05782 0.04127 i 0.68211i 0.06115
0.93565_-0.02562' i0.32-879" _ __0.0674_5 0.04418_-_ 6-_ 0-[6_-77

_31 _- /0.312821 -0.05405! 0.0775_ 0_4_6 _ O_ -0-_05394
0.91638 -0,02_! 0.29704! _ _i{38816 _ 0.049_- _ 01=72845i 0.04963

-(_.90611 -0.02565 ! 0.28148i' -0.05203i _9-921- &052181-- _- 0;64;,_)1
0.89542!-o.o2586 i (_2_ -0.050941 i 0_1107()i _-_ 0_
088432 -0.0262110.25108 _

-0.02671 i0.236274 -0.04860_ !£)-:'1349_ 0.0592-6 - ()_:78_ 0-.029790.87283 -0.04980' L0.1226i-! ():_J_ 0.7714910.034-84

0_6_696-0.02739 i /0.221_ / -0._:_6! _54766T 0106_,Y W 0179_6d-&02488
0.84872 -0.02825 i !0.20751!-0.0_07 ! i 0.16076__0-:0636_ _ 0.81__20;16

o8361_3L-0.02930 i 0.19358 -()_ _ 0_-7_3 ()_06-566_ ' 0.824611 0_01-567

0.823191 -0.03053 0.17998 -0.04335! 0.18805! 0.06763 i 0.83719i 0.01142
0.80993 -0.03196 0.16672 -0.04193! 0.20221! __ 0.849470.00744

0.79635 -0.03359i 0.15381 -0.04047 0.21671 o.o712810.8614_ 0.00372
-0.03548 014126

0.78249 I ! [ .....
-0.03896_ 0.23151 0.07294 0.87308! 0.00027

0.76838-0,03772! 0.12909!-0.03742! i 0.24661 0.07449 0.88438-0.00293

_o.754o4i -0.04036 , 0.11730: I -0.03584+ _ 0.26198 0.07591 ! 0.89533i-0.00587

0._-0.04333 0,105921 -0,03422 i 0.27762 0.07720 0.90591:-0,00859

0.72468,-0.04641 _:00_4493_-0.03255, 0.29351
0.70959[ -0.04929 -0.03084 0.30962

0.694181 -0.05170 i 0.07426i
0.678491 -0.05357 i 0.06457
0.66255 -0.055011 I 0.055331

-0.646411 -()_05617 [ 0_4655,

06 o,o!
-005865!0,59703 -0-,05798 ! .... !0030431

0.580311 -005917 - i O_016-35

0.56350 -0.059551 0.01016
0.54661 -0.0598210.00475!

0.52967 -0.05997 i 0.00104i

0.51269, -O.._ _ 0.00000
().49569i -0_,5998! - 0.00069

-0.02909 i
-0.02731!
-0.02549;

-0.02363 i

-0.02169L -
-0.01966!

i
-0.01749

-0.01515i

-0.012571

-0.00949

-0.00516i

0.000000
o.o6_3_

0.078_ 0.91611 i -0.0110{

0_7 _)-< (3_92591_ -0.01337
0.32594_ 0.0803-0! _-(316:3530 i -0_

I 0.34245_ 0.08107

-0 5913 0.o8169
-_ 0.37597 0.08216!

i 0.94426 -0_.0173-7

I 0.952801 -0.01912
! 0.96090[ -0.02070

0.3929410.08248 _ 0.96856:-0.02211
0.41002! 0.08265:_ 0.97577i -0.02338
0.42720: 0.08267

0.44445 i 0.08252

0.46175_ 0.08221
c)_ ,79o910.08175
0.49645 0.08112

I

0.51379i 0.08032
i 0.53111! 0.07934

i 0:98252_F -0.02451
. 0.98881 z -0.02550

i 0.99464 -0.02636
I
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Appendix B

Pressure Tap and Thermocouple Coordinates
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B1 .--BUSINESS JET PRESSURE TAP LOCATIONS

[Y measured from tunnel centerline]

No. X/C Y/C Z/C X,_)_ Y (in_ Z _in)
r - i I I - _ ....

1 ! 0.9700-0.08331-0.0026i 34.920, -3.0001 -0.094

3 0.9000'-0.0833-0.0077, 32.400 -3.65_2-77

28.800
I -3.000 -0.544--_-_ _.7_33 _-0102_25200 -3.000i-0.806

6 i 0.6000-0.0833i-0.0295 i 21.600 -3.000 -1.062
7 0-_-0 08331 -0 03501 1_00_ -3.0.000] -1.260
-- I , .... "_+ "- _---'_4 ----_ .......
8 0.4000 -0.0833,-0.0372 14.400 -3.000! -1.339
9 0.3000-0.08331-0.0360 10.800 -3.000, -1.2961

__0001 -0.0833-0.0_-_ -3.000 -11951
- 11 _. 0.10-00! -0.0833:70.028_4_13--6()011 i3._ ii--_

12 0.0800, -0 0833, -0 0271 2.880 -3 000 -0.9761

___3 ! 0.06001-0.o8#3_-00255--__21_..60_:3 00_.__0,-019i81
l 14 _ 0.0400 -0.0833,-0.0233__1.440 --3.000 ! -0.839

/ 15_..i 0.0200, -0 0833 -0.0197 i _0.720_ -3.0oo_ -o:z09

[ 16 +oo_-0.08331 -o.o165 o.360_-3.oo0 i -0.594

0.0040:0.0833:0_o128--o_4 -3.oo6! -o.461
-()_0005_ _-0.0833_-013073_ - 0_18_0-'- _3

[ 21 0.0100 -0.0833 0.010_0_60 -3.#0-- O_:J60

:00833!0.0121   00 0.436
23 0.0200 -0.0833 0,0138 0.720 -3,000 0,497

24 0.0300i -0.0833i 0.0170 1,080_ -3 000, 0 612-

2_-6_ -O.O_3:_t0.019_F-14_5t -3-000_-0-706-
26 0105001-0.0833o_i_o + -3.000_ O:_ss
27 0.0600' -0.08333 0.0239'
28_io_.o833 616257i

30 0.0900'-0.0833 0.0290

! 3_ 0.1000!-_ 0.0307!

"32 -_0.1500_ -0.0833 0.0370

2.160 -3.000 0-86£}1

2520_%.00d-&_51
2:88 -- iooot- 
3.246 -3.000 _

3.6001 -3.000_ 1.105

5.400 -3.(]00___ "11332
33 0.2000 -0.08331 0.0417i 7.200 -3.000 1.501

34___2500i -0.0833_45_2 9.000_-3_00_.627
35 I 0,30001 -0.0833_ 0.0476 10.800 -3.000 1,714
36 0.4000' -0.0833 0.0496 14,400: -3.000 1.786

38-I 0.6000 -0.O_3i 0_4_'
39 -! 0.7000 _0_08-_ 0.0340 ,_ '! [X-0! lj2-2-4

40 0.8000,-0.0833! 0.0234i 28.80_ -3.000 0.842

41-I o_ooo_-o.o_o-o-1_9_32._6L-_.o6Qi_.4_
42 0.93001-0.0833 0.0090 33.480-3.0001 0.324

43_ 0.9700 -0.0833 0.0038i 34.920 -3.000' 0.137
0 r 1 .......

44 11 000_ -0.0833] .0000_3_6.000_ -_3:000+ ...... 0.000
-- ! .... I

Thermocouple Locations

0_ Y/C Z/C i X, i(in) Y, (in) Z, (i_--1 0-()_-0_. 600_ 3.000 -1.-022

2 0.0500 _ :0.0241 1.80-6 ] 3.000 ---0.868

_O.lOOOi 0.08331 0.0307! 3.60043__3.000 1.104

4 , o.o2 sW oZ  o,  6
oloooo  iooo÷ o 
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B2.--COMMERCIAL TRANSPORT PRESSURE TAP LOCATIONS

No. i X/C . Y/C _ Z/C . X,(in.) i Y, (in.) i Z, (in.)
1 0.9700 -0.0833 0.0061 34.920 -3.000. 0.221

2 _ 0.9278-0.08334 0.0027 33.400 -3.000 _ 0.097
3 0.9000 -0.0833 0.0000 32.400 -3.000 0.000

+ .... ---- -

4 ;0.8000 -0.0833 -0.0093 28.800 -3.000 -0.335

5 0.7000 -0.0833 -0.0185 25.200 -3.000 -0.665
+ .... --

6 0.6000 -0.0833 -0.0262 21.600 -3.000 -0.943

7_ 0.5000- -0.0833 -(}))313 _ 18.000 -3.000 -1.128

-8 , 0.4000_-0_0833-0.0337 L 14.4007--3.000 _ -1.212
9 0.3000-0.0833-0.0336 10.800:-3.000 -1.211

100.2000 -0.0833 -0.0319 7.200 -3.000 -1.149
11 0.1000 -0.0833 -0.0268 3.600 -3.000' -0.966

12 0.0800 -0.0833 -0.0250 2.880 -3.000 -0.898

13 " 0.0600-0.0833 -0.0226- 2.160 _ -3.000" -0.814

14 0.0400 -0.0833 -0.0194 1.440 -3.000 -0.700

15 0.0200 -0.0833 -0.0148 0.720 -3.000: -0.532

16 + 0.0i00 -0.0833 --010110 0.360 -3.000:-0.396

17 - 0.0-000- -0.()833 -0.0003 0.000; -3.000 -0.010
t .....

18 0.0050-0.0833 0.0113 * 0.180--_ 0.408

19 0.0100 -0.0_8.33 0.0161 0.360 -3.000i 0.581

20 0.0150+-0.0833 0.0198 0.540_ __-3000_-+__0.712

21 . 0.0200-0.0833 0.0227 L 0.720 -3.000i 0.819

22 0.0300,-0.0833 0.0274 1_.0801 -3_0()! 0.986

23 0_0400 -0.0833 0.0311_ 1 440 -3.000 1.120

24 0.0500_-_0.0833 0.0342 1.800 -3.000_i 1.231
25 0.0600-0.0833 0.0368 2.1601-3.000; 1.326

26 .... (3.0--700 -0.0833 0.039i 2.520_--3.000. 1.407

27 _ 0.0_.800 --0.0833- 0.0410_ ....2.880_ -3.000 _ 1.478
28 0.0900-0.0833 0.0428 3.240 -3.000 1.540

29 0.100011-0.08331 0.0443-- 3.600 _ -3D.O()OT 1.595

30 0.1250 -0.0833 0.0475 4.500 -3.000 1.709

31 0.1500 -0.0833- 0.0499 5.400 -3.000 _ 1.798

32 0.1750 -0.0833 0.0519 6.300 -3.000 1.867

33 0.2000 -0.0833- 0.0534- 7.200- -3.0-00- 1.923

34 0.2500 -0.0833 0.0553 9.000 -3.000 1.992

35 0.3000 -0.0833 0.0558 10.800 -3.000 2.007

36 0.4000 -0.0833 0.0552 14.400 -3.000 1.988

37 0.5000 -0.0833 0.0523 18.000 -3.000 1.883

38 0.6000 -0.0833 0.0466 21.600 -3.000 1.678

39 0.7000- -0.0833 0.0384 25.200 -3.000 1.381

40 0.8000 -0.0833 0.0287 28.800 -3.000 1.033
....... t

41 0.9000-0.0833 0.0188 32.400 -3.000 0.678,

,_,2 - 0.9300" -0.0833_ 0.0160" 33.480 -3.000 0.575'

43 0.9700-0.0833- 0.0123 34.920 -3D00-- 0.443

44 " 1.0000--0.0833 0.0087-- 36.000 -3.000- 0.311 _

Thermoc0uple Locatigns _ _

_ X/C Y/C Z/C X. (in.) Y,(in:) _Z,(in.)
1 0.1000 0.0833 -0.0284 3.600 3.000 -1.022

2 0.0500 0.0833 -0.0241 1.800 3.000 -0.868

3 0.1000 0.0833 -0.0307 3.600 3.000 -1.104

4 0.0500 0.0833 -0.0218 1.800 3.000 -0.786

5 0.0000 0.0833 0.0000 0.000 3.000 0_000

6 0.0000 -0.2500 0.0000 0.000 -9.000 0.000
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B3.--GENERAL AVIATION PRESSURE TAP LOCATIONS

[Y measured from tunnel centerline]

No. I X/C ! Y/C Z/C i X, (.in.) i Y, (in.) i Z_i_n.)_ i
1" 0.59703-0.08333 i -0.05-865_-2"1.493_ -3.000, -2.1121
-:2-- _9_4i_ -.0_.1_38_89j -0.03255 3.418 -5.000 -1,1721

3 : 0.00475 -0.16111-0.00949_ 0.171_-5,800_0.342
4 I 0.00000 -0.16667 i 0_0OO()0/ O_05_--6_0001 O_000

--5-t 0.00_ -0.17222 i 0.01601"- 0_235_ -6.2.2-00

6 0.088161 -0.13889 0.04962: 3.174

0,07346_ 21 ._

-5.000i 1.786
7 0.59967_

General Aviat on Thermocouple Locations|
................ +

X/C ! Y/C : Z/C _-X,_in.) _ Y, _in_ _ Z, (in.l
1 5._oo_ 5__6-0oo_ o.ooooo/-oooo7q8.o6o! 5 6o6_
2 0.599671 0.50000 ! 0.07346 21.588 18.000 2.645
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B4.--GENERAL AVIATION (LTPT) PRESSURE TAP LOCATIONS
[Baseline leading edge and main body]

No. i x/c y/c z/c I x, in. i y, in. _ z, in.
t 09700 013074 -002630 34.92014.707i -0.947

2 i 0.950001--0_12575--616_034.200: 4.527 -0.929
3 : 0.900000.11328-0.02570 q_ 32.400 4.078-0.925- -

4 0.85000__0.10082 -6:()28_ 130.600 3.629_-1.015_
5 ' 0.82500__0..09459 -0.0305329.700 3.405 -1.099
6 " 0.80000 0.08835 -0.03320 28.800 3.181:-1.195
7 0.78750 0.08524 -0.03500 28.350 3.068! -1.260

" 6.77500T 0.08212 -0.0367027.900 2.956-1.321
9 " 0.76250! 0.07900 -0.03890 27.450 2.844 -1.400

2.732 -1.480
2.620 -1.573
2.507 -1.676-

2.395 -1.750

10 0.75000 0.07589-0.0411027.000

11 _ 0_73750_--01(J7277 _ -0.0437026.550_
120.725000.06965-0.04640:26.100

1_ 0.7__!290___0;06654 -0.04860 25.65d
14 0.70000 0.06342 -0.05090 25.200 2.283
15- 0.67500" 0.0-5719-0.0539024.300 2.059
16 i 016-50000.05971 -0.0560023.400 2.150

17_O_6_0---0106594 -0.0575022.500 2.374
180.60000 0.07218 -0.0588021.600 2.598
19 ! 0.55000 0.08464 -0.05980 19.800
20 0.50000 0.09711 -0.06000 18.000

-1.832
-1.940
-2.016
-2.070:
-2.110

3.047 -2.153
3.496

21 0.45000 0.10958 -0.05950i 16.200 3.945
22 0.40000 0.12204 -0.05820 14.400 4.394

-2.160!
-2.142

23 0.35000 0.13451, -0.05610 12.6001 4.842
24 0.30000 0.13035 -0.05330 10.800 4.693
25 " 0.25000 0.117891 -0.04970 9.000 4.244

26 0.20000 0.10542' -0.04540' 7.200i 3.795

27 0.15000 0.09296 -0.04000, 5.4001 3.346
28 0.12500 0.08672 -0.03670 4.5001 3.122

29_ 0:10_000i 0.08049 -0.033401 3.600] 2.898

_-2.020 i
-1.9191

--l:f86*
I

-1.6341 Baseline
-1.4401 Leading_
-1.3211Ed e9£__
-1.2021

30 _ 0.0_80000.0_7550 -0.03080 _ 2:8 _ 2.718 -1.1091
31 ! 0.0700010.07301 -0.02890 2.520 2.628-1.040!

32!0.06000 0.07052 -0.02650 2.160_ 2.539---0.954 T
_[ 0.55600! 0_06802_-0_024401 1.8001 2.449 -0.878 -

3410.04000 0.06553-0.02210 1.440J 2.359 -0.796
35 i 0.03000 0.06304_-0.01960! 1.080 2.269 -0.706

36- 0.02500! 0.06179 -0.01810_0.900N__ 2.224 -b_ ....
437_ 0.02000 0.0605 -0.01650 0.7201 2.180 -0.594

38_O.61506 O]O5Cj30_ -0.01470 0.5401 2.135 -0.529
39 0_0-10-00_ 0.05805 -0.01260 b_360__ 2.090 -0.454
40 0.00500 0.05680-0.00990 0_-80_ 2.045--0.3156-
41 0.00220 0.05618-0.00590 0.079 + 2.022-0.212

0_0472.001-0.06842 0.00010 0.05558 -0.00190
43 - 0_0510--0_05558 0.00220
44 -- 0.00_2120 0.05618 0.00830
45 0.00500 0.05680 0.01440
46 _ 0.0-10()0_ 0.05558 0.01950
47 " 0.0_0_--0_05930 0.02310

48 0.02000 0.06054 0.02610
49 0.02500i 0.06179 0.02870

0.004: 2.001! 0.0791

0.079 2.o22  _
0.180 2.045 0.5181
0.360 2.001 0.702i

f

0.540 2.135 0.832 i
0.720 2.180: 0.940_
0.900 2.224_ 1.0331

-50_ 0.03000 0.06304 0.03100_ 1.080 2.269:1.116 i .__
51 0.04000 0.0655310.03510J_440 2.359 1.264_
52_ 0.05000 0.06802! 0.03870|1.800 2.449 1.393
53 i 0.06000 _ 0.07052 0.04200 2.160 2.539 1.512

54 i 0.07000 --0.07301 0.045001 2.520 --2.628 1.620

55 [ 0.08000 0.07550 0.04800, 2.880 2.718 1.728 End
56 i 0.10000 0.08049 0.05240 3.600 2.898 1.886BaSeline
57 0.12500 0.08672 0.05720' 4.500 3.1221 2.0591Leadin&
58 0.15000 0.09296 0.06190 5.400 3.346] 2.228!Edge
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B4.--Continued.

[Baseline leading edge and main body]

I 59 I 0.17500 0.09794_ 0.0656_ 6:300! 3.526_ _2.362'
60 0.20000 0.1041_ 0.06930 7.200, 3.750i--2.495

0.__..1-0-0 i 4.020"--_-2..596 _ -
0_07490- 91(_00" 4.244 2.696

61 0.22500 0.11165

62-t 0.25000F 011789r
0.27500! 0.12412i 0.07690 9.900
0.30000' 0.13035' 0.07890 10.800

4.468! 2.768i
4.693! 2.840!

63

E66v .
167

,

0.32500 0.13659i 0.08020! 111700t 4.917 2.887
0.13451
0.12828!

0.35000 0.08140j 12.600 4.842, 2.930i
o.375oo 0.08200_13500,-4_8__2.9_J

68 0.40000 0.12204 6-i08260_- 1-_,_-400i 4_394 2.9741
69_ 0.42500 0.115811 0.08255 15.300/ _69i zeFE

70 0-.4_0 0.10958 i 0.08250_ l&:)-O0 3.945 2.970
71 0.47500 _ 0.10334 0.08f8_1-60-3_720-! 2.945i
72 0.50000J 0.09711 6108100_1&.00-0! ......3-,¢§6_- 2.916
73 ' 0.5250_ 0.09081 0.07960 i 18.900 3.272i 2.866_

74 _00 _ 0.08464 0.07810 19.80-01 3.047_ 2181;2! --
75 0.57500 0.07841" 0.07580 20.700 i 2.._ _2_72{)?
76 i 0.60000 0.07211 0.07350 21.600_ 2_598_2__.6_ --
77 ! 0.62500 0.06594 0.07040 22.500 2.374 2.534

78 0.65000 0.05971 o.o668ol 23.400___ _.21501 2.4051

790.67500 0.05719 0.062601 _24.300 i 2.059 2.254!
0.05730: 25.200[ 2.2838o i o.7oooo 0.063421 2.063

..... 0.06654 o.o54ooi 25.650 2.395i 1.944i
81 ' 0.71250 0.0696? 0_050_8__026.100-]_ _2.507]_1T829! --

0.04670 _0-|- 2.620_-1_68;I _ - --
0.04260 i 27.000|-2_.7-3'2- _4_ ....

82 i 0.72500_
83 i 0.73750 0.07277
84 ! 0.75000 0.07589
85 _ 0.76250 0.07900 0.03800 27.450' 2.844! 1.368i
86 0.77500 0,08212 0.03350 27.900 2.956! 1.206_
87 0.78750_ 0.08524i 0.02890, 28.350i 3.068 _ 1.0401

88 0.80000 i 0.0883_ 0.024401 28.8001 3.1811 0.878,
8_- 6._550 / _ 0.o158oi 29.700 3.405 i 0.569

90 , 0.85000! 0.1008_ 0.00730] 30600j 3.629 0.263
91 I 0.90000j 0.11328 4.078-0.256_

92 _ 0.12575 -0.01850 i -0.666
93

0.95000_
_ 0.13074

94 0.70000! 0.25000i

-0.00710! 32.400
34 200, 4.527

-0.022401 34.920 4.707 -0.8061
0.05730 25.200 9.000

0_5730! 27._n_nO 12.000 2.063
O.05_00____0 2.063i

15.000 2.0631

2.063_ .....
95 i 0.70000 0.33333

96 i 0.70000! 0.38889

98 0.70000 i 0.430561 15.5001 2.0631
0.41667 0.0573_ 25.200

0.05_0_ 2_.20E
0.0573 25.2  

o.700001 0.05730' 25.200I
_00 ! 0.47222 0.05730] 25.200

0.05730 i 25.200¢
0.057301 25_200_
0.05730 _L

_0 i 0.70000 0.44444, 0.45833
101
102 0.70000 i 0.48611
103 i 0.70000 -0.05556_

104_ 0.700001 -0.16667

105 0.700001 -0.25000
106 0.70000! -0.33333

16.000: 2.063'
16.500 2.063
17.0001 2.063
17_051 2_0631
-2.000_ 2.063
-6.000 2.063

0.05730_ 25.2001 -9.000 2.063j ......

107 0.70000'-0.38889 0.0573_2_ -12.000-2.063! ----

0 70000 -0.41667i 0.05730; 25.2501-_15.000 2_b6-3_-
t _05730_&.200_ -1_ 2.063! ---

# -0.430561_-i 0.70000 0.057301 25.200_-1-5_00_2.063_

-_0' 0.70000 -0.44444! o.o573oI 25.20_116-_00_2.0_
0.057301 25.200_-116_0_2:063L .... _
0.057301 25.200|-17000 2063

111_ o.7oooo-o.45833
1_ 0.700001 -0.4722_

113 : 0.70000 -0.4861_ 0._5730 i 25.20_ -17.500, 2.063 i
114 i 1.00000 0.2500_ -0.027511 36.00_ ......§._0 -0.990]

115 0.333331.00000 -0.02751_Q00 12.00_--00:99-0
116 1.000001 0.416671-0_2751_3&-.000_;000!-0.990 i

36 NAS A/TP--2000- 210031



B4.--Continued.

[Baseline leading edge and main body]

117 1.00000 0.47222 -0.02751 36.000_ 17_.000 -0.990
`1187 1.00000 -0.05556 -0.02751 36.000! -2.000 -0.990
119 I 1.00000 -0.16667, -0.0_2751 36.000 t -6.000 -0.990
];_()-_ 1.00000 -0.25000 -0.02751 36.000i -9.000 -0.990_- -

121 1.00000 -0.33333-0.02751 36.000_-12.000 -0.990----- b

122 ; 1.00000 -0.41667 -0.02751 36.0001-15.000-0.990!
123 1.00000 -0_4722:_ -0.02751, 36.000!-17.000 -0.990

B4.--Continued.

[Leading edge for ice shape 621]

No. x/c y/c _ z/c x, in. _, in. z, in.
26 0.18721:0.0-83-331 -0.04417 6_7401 3.000T :1.590

27 70.;15944 0.083_0-z_`111 .... 5.740T - 3_0001 -11480
28 ! _1_3167_ 01-08:]33'-0.03778 4_740_ :31_0_ "1.360
2g _ 0.10390- 0.08333! -0.03444 3.740_ 3.0001 -1.240
3(3 _ 0076101 0.08333-0.03028 2.7401 3.000 t -1.090

31 _0_05528_ 0.08333 -0.02611 1.990_ 31000 :0194_0
• - -4

32 _ 0.04139 0.08333 -0.02278 1.490 3.000 -0.820
33 : 0.02839T 0.08333"-0.02000 1.022" 3.000!-0.720

34_0.01536_ 0.08333_0_;1611 _ - 0.553 3.0001 -0.580
35 0.00494! 0.08333 -0.01139 0.178 3.000 -0.410

36 _-0_00i19_0.083:]3- 0.00()28! -01(343" 31000_ 0.01(3
3_.(30072! 0.08:333- b.51_-_i(3:26__ 3_000_0_(3

38 _ 0.00550_ 0.08333 0:018333 0.198 3.000. 0.660

39 _0.01417i 0.08333 0.02389 0.510 3.000 0.860
40 i 0.02458! 0.08333 0.02917--0_885- 3.000 1.050

41_ _ (].03500_ 0.08333 __0.03361- -1.260_ --3.000_1:210
42 0.04889 0.08333 0.03833 1.760 3.000 1.380

- -43_ 0.06278- 0.08333 _ ()_6_4_ 2.260 3.000 1.540
44 0.08014- 0.08333 0.04778 2.885 3.000 1.720
45 0.10097 0.08333 0.05278 3.635 3.000 `11900
46 0.12180 0.08333 0.05694 4.385 3.000 2.050

--47 -- 0.;14264-- D.O8:]:]_6b_5_1:35_ :3.00(3 2_]90
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B4.--Continued.

[Leading edge for ice shape 622]

No. _ . x/c .__y/c _ __Z/C ' x, in. _y, in. _,z, in.

_7-_ -0.04417 i
260.18721 0.08333 i 6.740 ,q_-3._0-1.5-90

i_ 0.15944 0.08333!-0.041111 5.740 3.000i-1.480
28 i 0.13167! 0.08333 -0.03778 4.7777_-- 3.000t-1.360

29 0.10390i 0.08333-0.03722 i 3.740 3.000-1.340
30 i 0.07610_.08333-_31_9!Z(4_i _._oo_-_._i_

31 ] 0.05528 0.08333 -0.02667 1 9_ 3000 -0960
.... L . ..... ! __ t.....

32 0.03444 0.08333 -0.02306 _1.2.40 Z 3.000:-0.830

,_ 0.01708J 0.08333-0.01917! 0.615 i 3.000 i -0.690
3 0.00180! 0.08333 -0.01333 .......0:06_5__ 3.0()0_--0.48___
35 -0.00464 0.08333 i 0.00028 -0.167 3.000! 0.01_

36 i -0.002301 0.08333i 0.01000-0.083i 3.000 0.360
3"7 0.002361 0.083331 0i0i944" O_O85_ 3.00-0__
38 0.01417 0.08333 0.02500 0.510 3.000 _ 0.900

39 0.02200 0.08333! 0.02917 0.792: 3.000 1.050

40 ' 0.02980! 0.08333' 0.03278 1.073[ 3.000i__I ;I.18_0
-_41 ! 0.0384_ 0.08333 0.03611 1.385! 3.000! 1.300

_.42 0.04889 i 0.08333! 0.038331 1.760 3.000 1.3801
i --- ' I -_ -- -43 i 0.059301 0.08333 0.04167j 2.135_. 3.000 1._

44!0.08014 ! _0_0_i3333 0_04'750 ,' 2.885_31000_i:T1_]
45 0.100971 _1-01052501 31635 31(3C)01

_46_ 0A-21_ O..08333! 0_ _4_3-8-5- 3_000 i 2.050 I
47 i 0.14125i 0.08333 0.06056 5.085i 3.0001 2.1801

B4.--Concluded.

[Leading edge for ice shape 623]

No. i x/c _ _ z/c x, in.

2610.17680 0.0833-01-0_04444--6.36527 0.14900 0.08330! -0.04139 5.364

28 W 0.10040!
_L o:o_
30 ! 0_6201

0.08330-0.03472 3.614

0.083301 -0.0305_ 2_491_

o -o
0.08330 ! -0.0-3056. -0._ 031 -0.000_

32 _ -0_._550_
33 -0.01160!

0.08330 -0.028611 -0.198

o.%_;:_6i -_o2_o-0r '6;418

0.08-330_ 0.02889 -0.6ff
0.0_330i0.030_ c0.4_
0.083-3010._ -0:302
0.08330! _02861 _6

34 -0.01880

35-0.01880i

36 ] -0.01360 i
37 _ -0.00840!

38 0.02460:
- i

y, in. i z, in. I
--2.66_-3.6o_1

2.99_ -_

l
2.9991-1.1oo1
2._030J

.... 21999 -0.9OC)]

_99_: o.o_ I
-2.99C-_
....2.996!--1.1001

2.9991 --1_100'
2.999 1.030

A9--i 0.04110 0_08330 0.03556 !- 1.48(] 2.999. 1.280

40 0_()6020_ 0.0_8330i 0_()419__ - :2.1-67 2.999i 1.510

41 0.08010, 0108330! 0.04_ 2.884 21999 1.710

_ 0.10100 0.08330 0.05250 3.63( 2.999 1.890
--43' 0.12530 0.083301 0.05750 i 4.511--2.999_-2.070

44 0.13920 0.08330[ 0.06000 i 5._1 r---2__999_ 2_60"

38 NAS A/TP---2000-210031



Appendix C
Test Matrices
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C1 .--COMPLETED BUSINESS JET (1st ENTRY) TEST MATRIX

Run Mach Airspd Attitude Tt Tt Ts i Ts MVD LWC . LWC Par Pwat / Spray ; Notes
" i I 7- _ _ -- _ ....... .3, _ .... -3-_ _ _ f "_ -

No. No, kts) deslredl F , C _ F , C : um (g/m) i (g/m) si sd _ rnn '

; i : ' I desired act
072595.01 0.28 175 6.0' 30.6 -0.8 23.0 -5.0! 20_.54() + 0,540 -_- 17.0----371_- 610i

072595.02 0.28 F -_ --, --_ ..... _ _ ---._ _ ........
0725,9510-31 0.28! 175: 60 30:61 -0,8 23:0 _ -,5.0 20 0_4_2,540_ - 17.0i 37.9! 6.01repeat of 072595.01

, , 175i 6.0 i 306 -0.8L_23_.0-5.0 20_ 0.54_0.540 17.0]-37.9 22.5! ..... -

072595.04 i 0.28' 175_ 6.0__ 30.6! -0.8_ 23.0 -5.0, 20 0.540 0540 : 170 379 450

072695.011 0.28 1751 6.0! 28.9 -1.7 21.4i -5.91 201 0,300 0.405-[ 10.3 18.6i 4.4

072695.02028L 175 80 289L -18,212 -60, 20 0.300  0:3: -i8 ; 7i
072695.03 i 0.28! 175 6.0_ 28.9! -1.7i 21.4' -5.9, 201 0.300 0.405 10.3 18.6 ! 33.3

, , t _ .... , ............

072695.04! 0.28 175 6.0 21.4, -5.9 14.0_0_ 201 0.430 0.430_ 11.6 21.6 6.0

07 6 5.050.28 175 6.0, 0:430 ii.E ....
072795.01 0.281 175i 6o1_ 2141.I _&91 14.01-10.0 2-0-_-&430 0430 116i .... 2i_ 2;_5_

6.0_ 21.41 -5.91 14.0!-10.0 15_ 0.600 0.600__60.0] 66.7 6.0!

15 I 0.600 0.600+60.0 66.7 22.5 --
15 O-60_ 0-.60(),-- 60.0" -66,7 i 45.0_ ..........
20 0.300 _- (Z-_3i 1816! 44i

072795.02i 0.28 175!I

:072795.03! 0.28 175 I 6.0 21.4 -5.9 14.0:-10.0 i

072795,04_ 0.28 175 6.0 21.4 -6.0 14,0 ]-10.01
072795.05! 0._ 175 6.0 12.31 -t10 5,0 -1_

072795.060.281 175 t _6._ 123! -11,0i 50 -15.0 20 , 0.3000,405 10,31 18.6 33.3:mold

07_2895.02i 0.39i 2501 1.529.7 -1,3 ! 15.3 -9.3 t 15 0.600 0.500 i 71.2 82.7 3.9
07289503 0.39 250 1.5 29.7 -1.3 151 15 0.600 4 0.500 i 71.2 82._ 7,2

.... 8.2 ..........072895.04 0.39 i 250 1.5
072895.05 0.391 250 _.5 _ 28,0 -Z-2! 1&7 -10.2 ! 20_ 0.430 1 0.430 18.2_ 41.8i 3,01

. 13.7 -10.2 20 I 0,430 0.430 1 4i[8 _ 61()"

072895_()6 0.39 250- 1_5"_2-8_0_ _2.2] i3:_ :'10:_ 20! 0.540 0.540 29.1 75.1_ 3._+--

072895.07 0.39 / 250 1.5 28 0 -2 2, 13 7 -10.2 20 0 540 0 540 29 1 75 1 6 0

072895.08 0.391-175 6.0 12:3_-11.0_ 5.01-1_.0 20--0:_I0 01540 ! 17.'0_ 3719_ --45.%_mold ......
073195.01 0_-39-! 250 _ 1_9! -73F---_---20_0.300-_ 0.310 - i0.3: 18.5' Z9_ .......

073195.02t r 0.3_ T 250 1,5_ 18.9 i -7.31 4.7-15.1-- 20_.3()0- 0,31010,3- 18-15"- 5'8_ .....

073195.03i (3-128 175 _- 6.0- 12.3- -_-E_15_0 _ 20"-(}_300_ 0.405 I 10 3 1_}-6-- 161_ ........

-0T3%5.0__ 0_8 "?T_' ...._.0_ _2.3 -ST.o_ _ -15.01 20--0540t0.540_5_ 3-/# 60|

080195.01_ 0.39 250 +1 1.5_ 9.5: -1Z5! -4.3- -2-0_2 40 T--()]1-()0_0.410 i 1016 32.6 i 0.7' -.....

080195.02! 0.39 250 1.5 9.5!-12.5 -4.3_-20.2 i 40 0.100 i0.4101 10.6 32.6__ 1.5:080195_030.28_ 175 60 678_-t4.0:0_4_-18.0 20 0.540 _,0.5351-i-7_ _19_ 6.0!........
080195.04i, o.28 I 175 4,oi 6.8i -14.0i -0,4 -18.0__ 20 0.540 0,535 17.0_ - 3719 60!r_(38-0_

080195.051 0.28 175 4.0 68 -14,0! -0.4 -18.0 40 0.540 0,535 , 10.6 32.6 6.0

o8o195.o6 o.34 212 4.o 6,8 -14.0 -3.7+-19.9 4o %1_4_--0.535-_ 10.6 32.6_ _.oi
080195.07 0.34 212 4.0 6.81 -14.0, -3.71 -1_ 20 0.5'_0 0.540 !-_17.0, 37.9i ..... 61_ ...........

080195.08 0.28 I 175 I 6.0i 6.87 -14.04 -0.4 -18.0 40 0.100 0.535 10.6 32.6 4.2
6:q4- 61 -0.4i -18.0 40 0.540 0.540 10.6i 32.6 6.0

080195.09 0.28 1751 ...... _---- ....

080295.01 I 0.28 1751 6.0' 30.6 -0.8 23.0 -5.0 20 0340 0.540 17.0 37.9, 120

-5.0 20 0.540 i 0.540_ 37 91- 22 5080295.02 ' 0.28 175 : 4.0 30.6! -0.8 23.0 i ......................... " ....
I ......... _---_ I :i -

080295,04 0.28 175 4.0i 3-(316_ --(3181 23.0_ -5.0 20 0.540 _0.540 17.0_ 37.9 22.5

o8o295.o5i 0.34 212 4-(3_-3.9!-i410 -10.0 20= 0.430 0.430 11.6 i 21.6' 22.5

080295.06' 0.28 175 - 4.0 30.6_ -0.8 23.0i -5.0 i 20 _ 0.540 0.540 17.0 37.9 22.5imold ....

__ - i5 9,9_ lO.OJ-_ 2.500 0.750 28.9 t - , .......
080395.01 0.39 250 1.5, ---8 71 20_
080395.02 0.39 250 1.51 30.8 -0:7.___16.4_ 2.250 1.250 68.0__ 57.5_. --54_.: -

080395.03 0.28 175 6.0_ 28.4i -2_01-20.9' _ 15i 2.500 1.000 28.319,8 15.01

080-39-5_04J 0.28 175 6.0l 24.2 -4.4 16.7 -8.5 20/ 2.250 1.600 70.8 61.3" 8.4"-- .......
, , 1

080395.05 0.39 250 1.5 18.8 i -7.4 4.7i-15.2i 15 i 2500 0750 I 289 99i 100

080395.06 0.39 L 250 1.5 18.8, -7.4 4.7i -15.2i 20 2.250 _ 1.250 i 68.0 57.5, 5.4

6.0_ 12.3j _.04 -15.0+ 20 2.255 -i7600 _ _7_--8.4_;__080395.07 0.28 i
080495.0_ 0.28_
080495.02 0.28

080495.03 0.28 i
080495.04! 0.28'

0804_i05 ! 0.28

080495.06 0.28;

175

175 6.0 -18.0 -27.8i -24.9' -31.6 160 0.830 0.830 5.0 50.0!
175_-_;0 -1810i_ :2_9--_6-.6 _ 0.830 0.830 _ 50_ 6.0
175 .....-6.0' 12.21 -1_...... _-___ 160_` 0.830 ' 0.830 j 5.0- _ 20_---

I 4 _ "-_ _ ' i
175_ .0_ 12.2j -11.0__ 4.9,-15.0 160 0.830 L 0.830 5.0_--5010 20.0

175_--6_ 30_6 -0-_i _ _51d 16{3- i 0.8300.830 5.01 5()__

175: -6.0_%0.6 i -0.8 _ 23T0- -_-.o_ 2o 1 0.540 0.540 _ 37_ 22.5[mo_
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C2.--COMPLETED BUSINESS JET (2nd ENTRY) TEST MATRIX

Run Mach Airspd Attitude Tt i Tt Ts ; Ts MVD LWC LWC Pair Pwat i Spray . Notes

No. _ No. - _ desired (F)_+_) {F) i-(_n?_**(glm!_i (g/m3)_ !PsLq[± (psid) i (min) .
l _ desired act

201 028 175 60 300 -08 224 -50 2o 0300, 040_iq3! 1961 441
202 . 0.28+ 175 60 30.0! -0,8 22.4 -5.0 20 0.540; 0.540 17.0 37.91 2.0.

202r- _0,28 175 !_ 60, 3_.0.0_ -0,8 22.4_ -5.0 20__ 0.540 i 0.540: 17.0 37.91 2.0repeat

202m_ 0.28 175 ! 6,O_ 30.0_ -0.8 22.4 -50 20 0.540, 0.540 17.0j 37.9_ 2.0mold
203 0.28 175 6,0 30.0' -0,8 22.4: -5.0 20 0.5401 0.540 17.0 37.91 6.0

204 0.28. 175. 6,0 30.0 -0,8 22.4 -5,0 20 0.540i 0.540 17.0 37.9_ 22.5

205q 0.28/ 175. 6.0 20.8 -5.9 13.4-10.0 40 0.100_ 0.535__ 10.6+ 3_2.6: 1.1.

205r 0.28i 175 60 208 -59 134 -100 40 01001 0.535 10.6 32.6 1.!repeat

206_028 i 175 6:0 220.8:_-5.9 13.4 -10.0 40 0.100 0.535 10.#_ 326 4.2

207 L 0.28 ! 175 , 6.0 20.8 -5.9 13.4. _-10.0 _ 0.4301 0.430 11.6! 21.6: 2.0
208 0.28 175 6.0 20.8 -5.9 13.4 -10.0 20 0.430! 0.430 11.61 21.6; 6.0

209-0.28! 175 _ 610 _ 20.8 -5.9_ 13.4-10.0 20 0.430 0.430 11.6 21.6 22.5

" - " 4.4 _ 20 _ 0.4_ t "2i0_ 028_ i_(T 6.0_ _.7 -116 10.3! 18.6_ 20
21 ! + 0,28 175 ! 6,0__. 11:7 -11,0- _ 4,4-15.01 20 0,300! 0.405 10.3: 18.6 4.4

212 L 0.28 175 6,04 11.7 -11.0 4.4 -15.0! 20 0.300 0.405; 10.31 18.6 16.7

_i3 0.28- 17_i 610i 20;8 -5,9i 13.4 _ _ 0.600 0.6001 600 665_ 2.0-
:fi_ 0._75_ _-2516--.516-i3_4_-10.01-_ 0.600; 0.6oo 600_ 6_5- 60-
221 0.39' 250 1.5_ 30.0 -0.8_ 22.4 -5.0i 20 0.540 0.540 29.1 75.1 30
222---(_39/ 250 .... 1_5 30,0 -0.8! 224 -5,0! 20_ 0.540 0.540__ 29.11 75.1_ 601

223 0.39! 250; 1.5! 30.0 -0.8_ 22.4: 20 0.300 0.310 10.3 18.5 2.9

i 224 i 0.39_ 250 1.51 30.0 -0.8! 22,4,-5.0L _ 0.300 0.310_ 10.31 18.5." 5.81

225 t 0.39 __ 250 ; 1,5__ 20.8 -5.91 . 13.4_ -10.01 15 0.600 0.500 71.2 82.7 3.6

2261 0.39 250 1.5i 20.8 -5.9: 134 -10.01 15 0.600 0.500; 71.2 82.7 7.2

231_ 0.28. 175, 4.0i 30.0 -0.8 22.41 _-6.0 20 0.540 0.540 17.0 37.9 2.0+

232_ 0.28 175 . 4.0i 30.0 -0.8i 22.4 -5.0 L 20 0.540_ 0.540 17.0 37.9. 6.0
233! 0.28 175 4.0 20.8 -5.9 13.4-10.0 15 0.600 0.600 60.0 66.7 20

234_ 0.28 1" 175 4.0_. 20.8 -5._9 134_-1_0 0 150,600 0.600 60.0.. 66.7 L 6.0_

235 _ 0.28 175 4.0i_20.8 _ -5.9__ 13.4_-10.0 40 0.100 0.535 10.6 32.6 !.1.
236 0.28; 175 4.0 20.81 -5.9 13.4i -10.0 40 0.100 0.535 10.6 32.6 4.2

237 0.28 175 4.0 11.71 -11.0 4:.4- -15.0 20 0.300 0.405_ 10.3 18.6+ 1.5
238 0.28 T 1"75- 4.0 11.7' -11.0 4.4 -15.0 20 0.300 0.405 10.3 18.6 4.4
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C3.--PLANNED COMMERCIAL TRANSPORT TEST MATRIX

Run Mach Airspd Attitude Tt Tt Ts Ts MVD LWC Spray

No. No. (kts) (F) (C) (F) (C) (um) (g/m s) (min I
101 0.45 284 0.0 32.0 0.0 12.8 -10.6 20 0,410 6,0

102 0.45 284 0.0 32.0 0.0 12.8 -10,6 20 0.410 6.0

103 0.45 284 0.0 32.0 0.0 12.8 -10.6 20 0.410 22.5

104 0.45 279 -1.0 14.0 -10.0 -4.4 -20.2 15 0.295 6.0

105 0.45 279 -1.0 14.0 -10.0 -4.4 -20.2 15 0,295 22.5

106 0.45 279 0.0 14.0 -10.0 -4.4 -20,2 15 0,295 6.0

107 0.45 279 0,0 14,0 -10,0 -4.4 -20.2 15 0.295 22.5

108 0,45 279 0.0 14.0 -10.0 -4.4 -20.2 15 0,295 30,6

110 0.45 282 -1.0 23.0 -5.0 4.2 -15.4 20 0,285 6,0

111 0.45 282 -1.0 23.0 -5.0 4.2 -15.4 20 0,285 22.5

112 0.45 282 0.0 23.0 -5.0 4.2 -15.4 20 0,285 6,0

113 0.45 282 0.0 23.0 -5.0 4.2 -15.4 20 0.285 45.0

114 0.45 282 0.0 23.0 -5.0 4.2 -15.4 20 0.285 30.0

115 0,45 282 0.0 23.0 -5.0 4,2 -154 20 0.285 22.5

116 0.45 284 0.0 32.0 0.0 12.8 -10.6 20 0410 6.0

122 0.45 284 -1.0 32,0 0.0 12.8 -10,6 20 0,410 6.0

123 0.45 284 -1.0 32.0 0.0 12.8 -10.6 20 0.410 22.5

124 0.45 284 0.0 32.0 0,0 12.8 -10.6 20 0.410 6.0

126 0.45 284 0.0 32.0 0.0 12.8 -10.6 20 0,410 30,0

127 0.45 284 0.0 32.0 0.0 12.8 -10.6 20 0.410 22.5

128 0.45 282 0.0 23.0 -5.0 4,2 -15.4 20 0.285 2.0

129 0.45 284 0.0 32.0 0.0 12.8 -10,6 20 0.410 2.0

130 0.40 253 0.0 32.0 0.0 16.7 -84 56 0.420 22.5

131 0.40 253 0.0 33.0 0.6 17.7 -7.9 56 0.420 22.5

132 0.40 253 0.0 35.0 1.7 19.7 -6.8 56 0.420 6.0

133 0.40 253 0.0 34.0 1.1 18.7 -7.4 56 0,420 22.5

141 0.45 284 0.0 18.0 -7.7 -0.6 -18.1 40 0,100 7,5

142 0.45 284 0.0 18.0 -7.7 -06 -18.t 40 0.100 2.0

143 0.45 284 0.0 32.0 0.0 12,8 -10.6 40 0,512 6.0

144 0.45 284 0.0 32.0 0.0 12.8 -10,6 40 0,200 6,0

145 0.45 284 0.0 32.0 0.0 12.8 -10.6 40 0.200 22.5
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C4.--COMPLETED COMMERCIAL TRANSPORT TEST MATRIX

Run i Mach Airspd Attitude Tt Tt Ts Ts i MVD LWC LWC ! Pair Pwat S_ray i Notes

NO" I No. , (k_S) : desired_) C(_(F) (C_ iu_ (g/m-) (g/m)_(psg) _sid____m!n )

' i _- " C ----- i- ._7 ____,clesired act
101 _ 0.45i 284; 0.0 32.0 00 13.0 -10.0 20 0.410' _ 20.0 47.0 6.0 not scaled

102- 0.40_250 t 010- 320 t 0.0 _ 13.5"- _ 20 Q-4_ 0.460 20_0 4710 6.0_not scaled

103-Q_250_ 0-0_ 3210- 00_ 1-3-5"-100 + 201 ().4]-01 0.460 i 20.0 47.0 22.5ino_scaled

104 0.401_48_ -1.0 10.5 -1201 4o -20.01 15I o.295 0.339- 17.:3__25.3_ 59
105- 0.40, 2_,-8_ _110!_0;5 --120_.0_-2_5 0.295! 0_3391 17.3 25.3 22.0

106 ...... ()AO_ 248 T 0101 __---2_5 i o295] 0.339_ 17a_5----59 _ - -
106r1- -0._6_,48 i 00!-10:5_---1_-200 15! 0.29-5i 0.33_-- 25_3----_._ _i -

_07" _--248_ -&O _015_-12.0"--_4_0_-20_ 15W01295 0.339_7.3_25.3--22.0"

108_ 040T 248_ "_00W105: -_ 12.0 --4.0_-20.0! 15!--0295 0.339i 17.3 .... 25.3--29.3'

110 0.40_ 250 -1 0 20.0i -6.3 5.1, -14.6 i 21 ! 0.285i 0.3414 11.8 23.2 5.7
11i-; 6.40'_25{) = :10T 20.OP -6,3_51! -146 211 0._5 0,341 _ i118 23_2 21.1: "

112 I 040 250 0.0 20.0! -6.3i 5.11 -14.6! 21 I 0.285 0.341 118 232 5.7 .....

_{41 B_.40_ 2-56_-206_--6_ t. -14.6 21 0.285; 0.341 _ i_8 23:2 28.3

115 0.40 250 0.0: 20.01 -6.31 5.1! -146 21 0.285! 0.341 11.8 23.2: 21.1 mold made

i16 " 0.40T 255 _ -1.0-3816_ 4.0! 23.1_-4.6 ' 21 0.410 0.500 23.8 62.6 55 ice shed - no data

122 0.40i 253 _ -1.0 29_ -1.1 14.3 i -9.5 21 0.410 0.563 29.7 83.22 4.9

123 0.40i 253 -1.0 29.5 i -1.1 14.3_ -9.5 21 0.410 0.563 29.7 83.2 18.5

124_ OT40_ 253 0.0 29.51 -1.1 14.3' -9.5 21 0,410 0.563 29.7 83.2 i 4.9 _ _

126 0.4_0_ 0.0 29.5 -1.1 14,3: -9.5 21 0,410 0.563 29.7 83,2 24,6
_27, 5 217.1 _-43! ;gT 21' 0.410 0563 29.7_ 83.2: 18.5mo_0made
1_ 0.40 _ 250_ 010" 20,0 _- -613- 5i]*-14.6 21 0,285 0.341 11.8 23.2L 2.0 ........
.... + ..............

129 i 0.40 253 0.0 29.5 -1.1 14.3 -9,5 21 0.410 0.563 29.7_ 83.21 2.0

130 0.40i 253 0.0 32.0 0.3 16.7 -8.t 56 0.420 unk 8.2: 32.0 18.0 not scaled

131 0.40_ _ 253_ ._0.0 33.0 0.9 17.7 -7.6i 56 0.420. unk -, 8.2 32.0 18.0.no_t scaled___
: not scaled, ice shed -

_ 132 0.402 .... 253 . 0.0 35.0 2.0 19.7 -6.5_ 56 0.420 unk 8.2 32.0 5.2 no data
56 0.420 unk 8.2 32.0 18.0 not scaled133 0.40! 253 0.0 34.0 1.4 18.7 -7.1 i

141 ..... 0.402z$9--0_0 _ 15.0 .... £9.1-- 013- -1_ 42' 0.100 0400 10.1 30.3 67
i42_ 0.404 249 010 15_0 -9.1 0_3-17.3 i 42 0.100 0.400 i 10.1 30.3 2:Q

Q4_3_ 0.40_ 253 0.0 29.0 -1.3, 13.8:-9.81 42 0.512 0.6501 21.8 101.8 5.3 ._

144 I 0.40 253 0.0 i 25.51 -3.31 10.4-11.6 42 0.200 0.400! 10.4 31.3 3.0

14_ 0.40 253 0.0_ 25.5_ -3.3! 10.4_-Jt_6 _ 42J__ 0.200 9.400- 19.4 31.3 _ .

i 145m 'Q40_253- 0.0:25.5 -3.3; 10.4:-11.61 42! 0.200 0.4001 10.4 31,3 11.2,molemade
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C5.--GENERAL AVIATION AIRFOIL TEST MATRIX

I6i02_Run FMach ÷ Airspd Attitude 4 Tt i T_t Ts Ts .MVD LWC L_, Pair Pwat Spray_ Noles

NO: i No. I (kts) i desire_ (F)____C) [ (F_C) _ _ (g/_) (g/m3i_(psip)! _idii (rnin)

_ ! : I ! -desired- aci i _ --. ......
60_--0.29; 180 0,_-3Q0- -6.8. 224 _- -5.0_ 20" 0154-0i 0,540i 19.0- 41.0 _ 210_

0_2.9L 18<L 0.0-30_0.8_2:4[-5.0 i _ 0_-0__19___ 411_ I 6._i_i i_I

2rn 0.29 | 180! 0.0! 30.0 -0.8 22.41_ -5.01 20 1 0.540 0.640_ 19.0 41.01 6.0_mold ....
-- I _ +- ........

60_ 0.29_ 180! 0.0 30.0 i -0.8 22.4_ -5.0 20 0.540 0.540! 19.0 41.0_ 22.5 i

__ 0.29. 180 0.0 20.81 -5_.9i 13.4 _ -i0.0- 2_0 0:__.:30_ 0_430* 14._ 25.0_ 210 _ -

607 [ 0.29 i 180' 0.0 i 20.8] -5.91 _ 13.4 -10.0_-- 2__ -0:4-30: _14.5- 25.0_ " 16_0_

607__m: 0.29 180 0.0 20.8: -5,9 13.4-10.0 201 0,430 _5 25.01 6.0imoid
608; 0.291 180! 0.0, 20.8J -591 134' -1()i01 __0- -0_4301 14-5V-25_.0 -2_ -

60910.29i' 180 0.0 11.7 -110 44i-15.0 ;0--osoo0 -30 10:01-- 45 ....
610, 0.29 1801 0.0, 11.7-11.0, 4,4[-15.(3_ 0300 03301 10.0 14.5_ 8.0i

-611 0.29! 1801 _ _76_4- -150! 2o' 0_0330!-i0_ .....1-4_2_5T--
_ 612 i 0.29 [ 180-_ 0.0* 2_00:8___-5.9 13.4 -10.0_ -0.600 O_t-801()_----_--

612r: 0.29 I 180 I O_ 20.8! -5.9; 13.4L-10.0 # 15! 0:600 -0_5_ 80.0 _-- -80_0_ -- 210_rr_

-613i 0.29! 180 I 0.0 2_9_.z1/-_0: -15'01600- 0.560__6:_6.0 ....

621m 0.21 ! 130 2.0 i 26.4 -2.81 22.4'--5.0_--20-' 0:_0_ o..5_()L - 14_ _._.2.0"mo1_-
--622_ 0-.21 _0-_0- 26.4! -2.8, ___-0.540_0:5_,0_ 14.0_-23.0' -60! --

622rl 0.21 130__ 2.0,' 26.4 -- -2.81-- 22.4 -5 0 i 20 0.54()--5.5401_z[5/230--_eat _-

622r2_ 0.21 : 130: 2.01 26._ -2.8L 22 4 -5._ 20; 0 540i 0.540 14.01 23.0_ 6.0 repeat

622m 0.2"t[ 130 I 2.0! 26.4! 3:8! 22._-5.0_._i--20 0_40_0_,_i_23.0! .... 6})irnold
623 0.21 130 20 264 -28 224' -50' 20 0540 0540 140 230 _ 225 _ - "

623m I 0.21 130-'_2__-- 20_0. 540 *_ 0 _1114 -0--23 ()--_mo_d ....

625 0.21I 130i 2.01 -_81 13.41-lo,o_ -_j%o: 0:6_1010! 341(3_ 0:9_--

626: 0.21 ! 1301 2.0 17.3 -7.8 13.4! -10.0 20 0.430 0.440 10.0' 15.0! 2.0i .......

627/ 0.21 130.: 2.Q 17.3 -7.8 13.4 i -10.0 20 0.4301 0.44_ 15.0 5.9

627m[- 0.21 130 2.01 173i-781 13.41-10.0i 20i ....01430_ 0,4-4o 10.01--__9+mo]_ -
_ 627r 0.21 [ 130[__ 17.31 -7.81 13.41-10.0_0_-_:430 _--i5.0 i _5.9;repea, -

627r2 0.21 i 130 2.0 17.3 -7.8 13.4-10.0 20 -&436__5.0[ 15.0-59_reepe_--

628 i 0.21 130 2.0 17.3 -7_-10.0 -20 _ 6A30_o_o-t10.O * i5.L220; --

6291 0.21 130, 2.0 83 -12.9 4.4 _ 0.300 0440 1001 1501 14- ....

30 0.21 130_20 8.3-12.9 4.41-15.0_-#0 o.30o 0.440 100 15.0 4,11
631 0.21 130 2.0 8.3 -12 9 4 4 -15.0 20 0.300 0.440 10.0 15.0' 15.3

_--OW2_ 130/ 2._ ;-/A -781 13.,_ -10.01 15/%:600 0,600 35.0 A-5_e-__-
633m 021 / 130 _- -2-0 17 3 78 13-_ i -_-'" ....... _- " ' --- -____ ...... _ _._ ,,.,., -,.o ,o.l -10.0 15 0.600: _ 35.0 6.0 mold

0.21 130 ' 0.0 17.3 -7.8 13.4 -10_- -20-'---0._4__1-5_0_ 2;0_ ----

1 / . / -78 134 -100 20, 0430 0440 10.0 150 220

644! __0_.21_130 4.0 17.3: -7.8 134 -10.0 20 0.430! 0.440_ 150 2.0:
0.21 130 40i 17 3 -7.8 13.4 -10_ * :_0-_ - 0.436_" 0.440 i0_-0_ 15.6__--

¢_5mJ 0.21--_30_-_4.0 17.3 -7.8 13.4-10.0--3_ ()ii_40 _6! 59m_o/d ....

646 0.21 1301 40 173] -78! 13 41--10.0[_Q;,30 044_-_50 220----

-64_0-21 ! 130 t- 6:_ _-7.8, 13.4 ! -10.0 t 20 "_ 514_0_10_.0_-_5.0-_---

60,  :43o:0:44o1ool 5o7
-649 0.21 __: 6:()17.3 _i3_41-10.0i 201-VA30_ 0_440" 10 _ i5.01 _-

665i o13: 83 - 13.4!.10 20'oeo7 -
656! 0.13 83 6.0 15.0 -91 134 -100 20 0430 i 0650 100, 150 _ ............

661 0.21 I 1301 0.0 28.2 -1.8 -2_ _ 2051 1.0(30 1000'35,5 100-0_ 15"04 ----
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C6.--LaRC/LeRC ICING CONTAMINATION TESTS NOVEMBER 1998

Run nos. 23-35 clean wing

Reynolds Mach number
number

0.05 0.12 0.21 0.29

1 35

3 25

4.6 26

6.4 24 28 27

8.1 29

10 23 30

12 32

Runnos. 101-112 icesha

Reynolds Mach number
number

0.05 0.12 0.21 0.29

1 112

3 109

4.6 103

6.4 106 108 111

8.1 107

10 101 102

12 105

Run nos. 201-211 ice sha

Reynolds Mach number
number

0.05 0.12

1 211

3 208

4.6

6.4

8.1

10

12

202

0.21 0.29

204

207 210

201 203

Run nos. 701-705 clean wing

Reynolds Mach number
number

0.05 0.12 0.21

705

7O2

0.29

704

701 703

1

3

4.6

64

8.1

10

12

Run nos. 301-310 ice shape 622-2D (SLA)

Reynolds Mach number
number

1

3

4.6

6.4

8.1

10

12

Run nos. 401-410 ice sha

Reynolds
number

0.05 0.12 0.21

310

0.05

410

3O8

3O9

302 307

301 306

Mach number

0.12 0.21

0.29

304

0.29

1

3 409

4.6 403

6.4 402 407 404

8.1

10 40 t 406

12

Run nos. 501-510 ice sha

Reynolds Mach number
number

0.05 0.12

510

5O8

0.21 0.29

1

3

4.6

6.4

8.1

10

12

504

502 507 505

501 503
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Appendix D1

Test Results, Business Jetmlst Entry
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Business Jet- Run 072595.01

Tt = -0.8°C (30.6°F)
T, = -5.0°C (23.0°F)

V = 90 m/s (175 kts)
Attitude = 6.1 o

LWC = 0.54 g/m 3

MVD = 20 _m

Spray = 6.0 min

chord = 90 cm (36 in)

C._t... = 0.0093
C_-ic_= 0.0481

0.08

0.06

0.04

0.02

o

000

-0.02

-0.04

__ I I Ice Thickness

ower Max

-0.06

-0.05 0,00 0.05 0.10 0.15 0,20

X/C

0.25
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Business Jet - Run 072595.02

Tt = -0.8°C (30.6°F)
T, = -5.0°C (23.0°F)

V = 90 m/s (175 kts)
Attitude = 6.1°

LWC = 0.54 g/m 3

MVD = 20 pm

Spray = 6.0 min
chord = 90 cm (36 in)

Cd<t_,n= 0.0093
C__ic_= 0.0478

0.08

0 06

0.04

0_02

u

000

-0.02

-0.04

J

i UpperMa x /t: _rnhatckoneu_e I
_36" Tracin_l 11.43 mm IO45"/I 3.81 mm (0.15" I ,

Lower Max

-0,06 ................. L ....................

_.05 0.00 005 010 0.15 020 0.25

X/C
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Business Jet - Run 072595.03

Tt = -0.8°C (30.6°F)
T, = -5.0°C (23.0°F)

V = 90 m/s (175 kts)
Attitude = 6.1°

LWC = 0.54 g/m 3

MVD = 20 p.m

Spray = 22.5 min

chord = 90 cm (36 in)

0,08

0.06

004

0.02

o

000

-0,02

_04

I ,ceT.,ckne.sI IUpper Max Stagnation Line Lower Max

_36"Tracin_l 32.1 mm(1.26" I 12.8mml0.50" )

_0.06 ...................... _ ....................

-0.05 0.0o 0.05 0_I0 0.15 0,20 0.25

yJc
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Business Jet - Run 072595.04

Tt = -0.800°C (30.6°F)
T, = -5.0°C (23.0°F)

V = 90 m/s (175 kts)
Attitude = 6.103

LWC = 0.54 g/m 3

MVD = 20 pm

Spray = 45.0 min
chord = 90 cm (36 in)

006

0 O4

002

000

-002

-004

-0 06

_11 Ice Thickness

Lower Max

-o.o8 ................

-o lO _ 05 o.oo o.o5 OlO o15 020

xJc
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Business Jet - Run 072695.01

T, = -1.7°C (28.9°F)
T, = -5.9°C (21.4°F)

V = 90 m/s (175 kts)
Attitude = 6.1 o

LVVC = 0.405 g/m 3

MVD = 20 p.m

Spray = 4.4 min

chord = 90 cm (36 in)

Cd-c_=n= 0.0093
C_._,_= 0.0258

0.08 F

I
i

0.06

0.04

0.02

ooo

=0.02

-0.04

J

I Ice Thickness
upper Max Sta_lnation Line I_36" Tracin_l 9.07 mm (0.36") 3.56 mm (0.14" 1

Lower Max

_306 _ ...........
-005 0.00 0.05 0.10 015 0,20 0.25

x/c
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Business Jet - Run 072695.02

Tt = -1.8°C (28.9°F)

Ts = -6.0°C (21.2°F)

V = 90 m/s (175 kts)

Attitude = 6.1°

LWC = 0.405 g/m 3

MVD = 20 p.m

Spray = 16.7 min

chord = 90 cm (36 in)

C,j-ci,,.n = 0.0093

C,j-ic_ = O. 0526

O08

u

0.06

004

0.02

!

000-

-0.02

-0.04

J

36" Tracing

Ice Thickness

UpperMax I Stagnation Line j24.0 mm (094" I 11.8 mm (0.47" I

Lower Max

-006 .......................

_).05 000 005 010

_C

015 020 025
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Business Jet - Run 072695.03

"It = -1.7°C (28.9°F)
T, = -5.9°C (21.4°F)

V = 90 m/s (175 kts)
Attitude = 6.1°

LWC = 0.405 g/m 3

MVD = 20 I_m

Spray = 33.3 min

chord = 90 cm (36 in)

C_._l=, = 0.0093
C__,:,_= 0.1001

0.06

0.04

0.02

000

-0.02

-0.04

-0.08

//

i ,ceThicknessO,_,oe.'.xI_*',,°..,'o°'-'neI__ . , . . "

__ 119o> 21,rnm10'_/

Lower Max

-01o -0.05 0.00 0.05 0 10

X/C

015 0.20
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Business Jet- Run 072695.04

Tt = -5.9°C (21.4°F)
T, = -10.0°C (14.0°F)

V = 90 m/s (175 kts)
Attitude = 6.1°

LVVC = 0.43 g/m 3

MVD = 20 p,m

Spray = 6.0 min
chord = 90 cm (36 in)

Cd-:_,,,o= 0.0093
Cd.i_ = 0.0202

008

0.06

004

002

c)

000

-002

_104

I I ,oe_,c_oe,_
upper Max Sta_lnation Line

I --36"Tracin_l , 8.9mm(.35")I 6_3mml25"/ I

Lower Max

-006 .......................

_005 0.00 005 0.10 015

xJc

0.20 025
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Business Jet - Run 072695.05

"It = -5.9°C (21.4°F)
T, = -10.0°C (14.0°F)

V = 90 m/s (175 kts)
Attitude = 6.1°

LVVC = 0.43 g/m 3

MVD = 20 Hm

Spray = 45.0 min

chord = 90 cm (36 in)

Cd._n = 0.0093
Cd-_d = 0.0412

0.(38 •
!
l

0.06

0.04

0.02

0.O0 _.-.---"_J I I ,ceT,,_°e,s
__ \ J J UpperMax [ Sta_lnationLineJ

-0.02 _ _ !--36"Tracin_ [ 67.2mm(264",J44.gmm(1.77.)[

-004 _

-0,06 ..............

-0.10 -0.05 0,00

Lower Max

005

x/C

010 0.15 0,20

I*
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Business Jet - Run 072795.01

TI = -5.9°C (21.4°F)
T, = -10.0°C (14.0°F)

V = 90 m/s (175 kts)
Attitude = 6.1°

LWC = 0.43 g/m 3

MVD = 20 _m

Spray = 22.5 min
chord = 90 cm (36 in)

Cd-:,_o= 0.0093
Cd.ic_ = 0.0277

008

OO6

0.04

0 02

u

0.00

-002

-0.04

J

cin_

-006 ......

_0.05 0.00

I Ice Thickness Iupper Max Sta_lnation Line I Lower Max

I 32.0 mm (126') 20,3 mm (0.80") I

0.05 0.10

x/c

0.15 020 025
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Business Jet - Run 072795.02

"It = -5.9°C (21.4°F)
T, = -10.0°C (14.0°F)

V = 90 m/s (175 kts)
Attitude = 6.1°

LVVC = 0.60 g/m 3

MVD = 15 _m

Spray = 6.0 min

chord = 90 cm (36 in)

Cd<l_n= 0.0093
Cd._ = 0.0125

o.oej

I
!

0.06

0.04

0.02

0,00

-0,02

-004

-0.06

-0.05 0.00 0.05

36" Tracin_
I Ice Thickness I

Upper Max Stal]nation Line

11 mm (.43") 4.1 mm (.16"1

Lower Max

0.10

x/c

015 0,20 0.25
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Business Jet - Run 072795.03

T, =-5.9°C (21.4°F)
T, = -10.0°C (14.0°F)

V = 90 m/s (175 kts)
Attitude = 6.1 o

LWC = 0.60 g/m 3

MVD = 15 _tm

Spray = 22.5 min
chord = 90 cm (36 in)

C___t_,= 0.0093
Cd-io.d= 0.0251

008

006

004

002

o

-0.02

-0 04

35" Tracing
J Ice Thickness J

Upper Max Sta_lnation Line

45.1 mm/1.78 /

Lower Max

-006

•.0 05 00o 005 o 10 015 020

x/c

025
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Business Jet - Run 072795.04

"It = -6.0°C (21.4°F)
T, = -10.0°C (14.0°F)

V = 90 m/s (175 kts)
Attitude = 6.1 o

LWC = 0.60 g/m 3

MVD = 15 p.m

Spray = 45.0 min

chord = 90 cm (36 in)

Cd<t_, = 0.0093
Cd..:_ = 0.0266

0.08 r

006i

004 L

l
I

002

0.00 [

_)02 -

_).04

-OC_i

-0.I0

i

I

4_.05 0.00

Ice Thickness I J
Upper Max StaQnation Line I Lower Max

719 mm (2.83I

0.05 010 0.15 020

xJc
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Business Jet - Run 072795.05

Tt = -11.0°C (12.3°F)
T, = -15.0°C (5.0°F)

V = 90 m/s (175 kts)
Attitude = 6.1°

LWC = 0.405 g/m 3

MVD = 20 pm

Spray = 4.4 min
chord = 90 cm (36 in)

Cd<l,,o= 0.0093
Cd.,c,_= 0.0197

0 O8

006

004

002

c>

O.C(]

4) 02

-004

J

I I I'ceT--ssI IUpper Max Stagnation Line Lower Max

_36" Tracing 6.0 mm (24" I

-00.8

-005 0.00 005 010 015 020 025

x/c
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Business Jet - Run 072795.06

Tt = -11.0°C (12.3°F)
T, = -15.0°C (5.0°F)

V = 90 m/s (175 kts)
Attitude = 6.1 o

LWC = 0.405 g/m 3

MVD = 20 pm

Spray = 33,3 min
chord = 90 cm (36 in)

Cd-cl,, = 0.0093
Cd.ic_ = 0.0218

0.08 r

0.06 L

0.04

0.02

0.00

-0.02

-004

-0.06 - - -

_.i0

"_ I Ice Thickness

_oo, 1,0u_,-,;_,is",n"°°"heI
Lower Max

_},05 0.00 0.05 010 0.15

YJc

0.20

.....
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Business Jet- Run 072895.02

T, = -1.3°C (29.7°F)
T, = -9.3°C (15.3°F)

V = 129 m/s (250 kts)
Attitude = 1.6 °

LVVC = 0.50 g/m 3

MVD = 15 pm

Spray = 3.9 min
chord = 90 cm (36 in)

Cd_clean = 0.0082
Cd-_ = 0.0132

008

0.06 .

004 ,

002 •

0.00 •

-0.02 ,

36" Tracm

Ice Thickness

Lower Max

-004

-006 ...........................

-005 0.00 005 0 10 0 15 0 20 0.25

x/c
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Business Jet - Run 072895.03

Tt = -1.3°C (29.7°F)
T, = -9.3°C (15.3°F)

V = 129 m/s (250 kts)
Attitude = 1.6 °

LVVC = 0.50 g/m 3

MVD = 15 pm

Spray = 7.2 min

chord = 90 cm (36 in)

C_._t_,o= 0.0082
C_.,c_= 0.0161

0,08

0.06

004

0.02

u

0,011

-0.02

J
J

J

36" Tr

Ice Thickness

Lower Max

-004

-0.06 .......

-0.05 OCO 005 0 10

x,'C

0.15 020 0.25
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Business Jet- Run 072895.04

It = -2,2°C (28°F)
Ts = -10.2°C (13.7°F)

V = 129 m/s (250 kts)
Attitude = 1.6 °

LVVC = 0.43 g/m 3

MVD = 20 pm

Spray = 3.0 min
chord = 90 cm (36 in)

Cd-_l,_,= 0.0082
Cd-ic_= 0.0170

008

006

004

002

0.00

-002

jf
/

• i

I Ice Thickness I
Upper Max Sta_lnation Line Lower Max

_36" Tracin_ 3,38 mm t0.13"/

-004

_0.o6

-005 000 0 05 010 015 020 025

X/C
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Business Jet- Run 072895.05

T, = -2.2°C (28.0°F)
T, =-10.2°C (13.7°F)

V = 129 m/s (250 kts)
Attitude = 1.6 °

LWC = 0.43 g/m 3

MVD = 20 _m

Spray = 6.0 rain

chord = 90 cm (36 in)

Cd-ct,an= 0.0082
Cd-ic,d= 0.0264

OO8

0.06

004

002

i

000.

_,02

--36"

Ice Thickness

Lower Max

-0.04

-006

_0.05 0.00 0.05 0.10

xJc

0.15 0.20 0.25
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Business Jet - Run 072895.06

T_= -2.2°C (28.0°F)
T, = -10.2°C (13.7°F)

V = 129 m/s (250 kts)
Attitude = 1.6°

LWC = 0.54 g/m 3

MVD = 20 I_m

Spray = 3.0 min
chord = 90 cm (36 in)

C_._,_n= 0.0082
C__,c,_= 0.0188

008

0.06

0.04

0.02

u

0.00

-0.02

J

I-- 36" Tracin_l Ice Thickness ]I Sta,nation Line l Lower Max8.88rnrn/0.35")I upper Max
9.35 mm (0.37" /

-004 •

-006 ...................

-0.05 000 005 010

YJC

015 0.20 0.25
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Business Jet - Run 072895.07

"It = -2.2°C (28.0°F)
T, = -10.2°C (13.7°F)

V = 129 m/s (250 kts)
Attitude = 1.6 °

LWC = 0.54 g/m 3

MVD = 20 _m

Spray = 6.0 min
chord = 90 cm (36 in)

C_.cl_o= 0.0082
Cd._ = 0.0315

0.08 ,

I

0.06

0.04

0.02

u L

i

0(30

-9.02 [

i

-004 i

i

_006

-0.05 0.00 0.05

B36"

Ice Thickness

Lower Max

0.10 0.15 0.20 025

X,'C
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Business Jet - Run 072895.08

T, = -11.0°C (12.3°F)
Ts = -15.0°C (5.0°F)

V = 90 m/s (175 kts)
Attitude = 6.1°

LWC = 0.54 g/m 3

MVD = 20 }am

Spray = 45.0 min
chord = 90 cm (36 in)

Cd-cl_n= 0.0093
Cd.ic_ = 0.0220

008

0.06

0.04

002

000

-0 02

-0 04

-0 10 X).05 0 00 0 05 0 10

X/C

¢.___,_._-_-_;_J I I ,ceTh,ck°e,,

'___ I -_oTracin_l I._==,_%?,1Sta_lnation.ne I

0.15

Lower Max

020
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Business Jet - Run 073195.01

Tt = -7.3°C (18.9°F)
T, = -15.0°C (5.0°F)

V = 129 m/s (250 kts)
Attitude = 1.5 °

LWC = 0.31 g/m 3

MVD = 20 _um

Spray = 2.9 min

chord = 90 cm (36 in)

Cd._l_o= 0.0082
C_.,=_= 0.0125

008

0.06

004

002

O00

-0.02

I I'°eT"'ck°e"1 1Upper Max Leading Edge Lower Max

_36" Tracin 9 3.6 mm (,14") J

-0.04

-005 0.00 005 o. 10 0 15 0.20 0.25

x/c
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Business Jet - Run 073195.02

T, = -7.3°C (18.9°F)
T, = -15.0°C (5.0°F)

V = 129 m/s (250 kts)
Attitude = 1.5 °

LWC = 0.31 g/m 3

MVD = 20 pm

Spray = 5.8 min
chord = 90 cm (36 in)

Cd-cl_n= 0.0082
Cd_,=_= 0.0134

0 08

0.06

0.04

0.02

0,00

-002

I --36" Tracing Ice Thickness I I
upper Max I Leading Ed,qe I Lowe,M.x

I 7,67 mm/0,30"/

-004

-006

_).05 0.(30 005 0.10

x/C

015 0.20 0.25

NAS A/TP--2000-210031 71



Business Jet - Run 073195.03

It = -11.0°C (12.3°F)
T, = -15.0°C (5.0°F)

V = 90 m/s (175 kts)
Attitude = 6.1 o

LWC = 0.405 g/m 3

MVD = 20 Hm

Spray = 16.7 min
chord = 90 cm (36 in)

Cd-d_n= 0.0093
C_-ic_= 0.0220

0,08

0,06

0.04

002

0,00

-002

.0.04 i

1 _36" Tracin_

I I 'ceTh'ckn"IUpper Max Leadin_l Eddie

21,3 mm (0.84")

Lower Max

.0.06 ....

.0.05 000 005 0.10 015

x/c

0.20 0.25
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Business Jet- Run 073195.04

Tt = -11.0°C (12.3°F)
Ts = -15.0°C (5.0°F)

V = 90 m/s (175 kts)
Attitude = 6.1 o

LVVC = 0.54 g/m 3

MVD = 20 pm

Spray = 6.0 min
chord = 90 cm (36 in)

Cd.clean" 0.0093
Cd-ic_= 0.0212

0.08

0.06

004

002

0(30

_.02 Ice Thickness

Stagnation Line

9.86 mm 10.39 '/

Lower Max

-0.06 ..............

-005 000 0.05 010

x/c

015 0.20 0.25
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Business Jet - Run 073195.05

T, = -11.0°C (12.3°F)
T, = -15.0°C (5.0°F)

V = 90 m/s (175 kts)
Attitude = 6.1°

LWC = 0.54 g/m 3

MVD = 20/am

Spray = 22.5 min

chord = 90 cm (36 in)

Cd.clean-"0.0093

Cd.,=_= 0.0299

008

0,06

004 -

002

0.00 I I ,°eT.,okne..
f \ I J UpperMax 1 LeadingEdge

-oo2 _ _ I --36"Tracing I i40.2mm(1.58.,,I LowerMax J

_0.04

-006 ............................................

_). 10 -0.05 0.00 005 0,10 0.15 020

X/C
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Business Jet - Run 080195.01

T, = -12.5°C (9.5°F)
T, = -20.0°C (4.3°F)

V = 129 m/s (250 kts)
Attitude = 1.5 °

LVVC = 0.41 g/m 3

MVD = 40 pm

Spray = 0.7 min
chord = 90 cm (36 in)

Cd-_,_, = 0.0082
Cd-_:_= 0.0091

0.08

0.06

0.04

002

000

-002

-004

36" Tracin_l

Ice Thickness

UpperMax Leadin,qEd(:le I Lower Max
1.07 mn_ t0.04"/ I

-006 ..............

_) 05 000 005 0 10 0 15 020

x/C

025
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Business Jet - Run 080195.02

T, =-12.5°C (9.5°F)
T, = -20.0°C (-4.3°F)

V = 129 m/s (250 kts)
Attitude = 1.5 °

LWC = 0.41 g/m 3

MVD = 40 pm

Spray = 1.5 min

chord = 90 cm (36 in)

Cd.c_o = 0.0082
Cd._ = 0.0112

008

0.06

o04i
i

0.02
I
i

o
;

000:

-0.02

I I i' Th'ckness[Upper Max Leadin 9 Edge J Lower Max

_36" Tracin_l 2,87 mm (0.11" / J

-0.04

-0.05 0,00 0.05 010 0.15 0.20

x/C

0.25

'ili

:41

'1
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Business Jet - Run 080195.03

Tt = -14.0°C (6.8°F)
Ts = -18.0°C (-0.4°F)

V = 90 m/s (175 kts)
Attitude = 6.1°

LWC = 0.535 g/m 3

MVD = 20 #m

Spray = 6.0 min
chord = 90 cm (36 in)

Cd-_,_.= 0.0093
Cd-ic. = 0.0188

008

006

004

002

13.00

_02

-004

Ice Thickness

Lower Max

_).OB .............................

_005 0.00 0 05 0 10 015 0 20

X/C

025
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Business Jet - Run 080195.04

-It = -14.0°C (6.8°F)
T, = -18.0°C (-0.4°F)

V = 90 m/s (175 kts)
Attitude = 4.0 °

LWC = 0.535 g/m 3

MVD = 20/am

Spray = 6.0 min
chord = 90 cm (36 in)

C_-c_an= 0.0087
C_-ice_= 0.0151

008

006

004

0.02

O.OO

-0.02

-0.04

/""/ I Ice Thickness

Lower Max

-0.06

-0.05 0.00 0.05 0.10 O. 15 020

X/C

0 25
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Business Jet - Run 080195.05

Tt = -14.0°C (6.8°F)
T, = -18.0°C (-0.4°F)

V = 90 m/s (175 kts)
Attitude = 4.0 °

LWC = 0.535 g/m 3

MVD = 40 _.m

Spray = 6.0 min
chord = 90 cm (36 in)

C_<,_ = 0.0087
C__,_ = 0.0201

0.08

006

004

002 .

o

001)

-002 ;

L

-0.04 .

lJ
J

J J Ice Thickness

Lower Max

-006 .................................

-0.05 0.00 0.05 010 015 0.20 0.25
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Business Jet- Run 080195.06

"It = -14.0°C (6.8°F)
T, = -19.9°C (-3.7°F)

V = 109 m/s (212 kts)
Attitude = 4.0 °

LVVC = 0.535 g/m 3

MVD = 40 pm

Spray = 6.0 min

chord = 90 cm (36 in)

Cd._,,,,o= 0.0087
Cd.,=_= 0.0192

0,08

0.06

0.04

002

0.00

_02

-0.04

I I Ice Thickness

_,,____' \ _ I --36" Tracin_l I Upper Max I 1L.ega_rm g/E.d_le, i I Lower Max I

-oo6 ........................................

_)05 0.00 0.05 0 10 0 15 020 0.25
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Business Jet - Run 080195.07

Tt = -14.0°C (6.8°F)
T, = -19.9°C (-3.7°F)

V = 109 m/s (212 kts)
Attitude = 4.0 °

LWC = 0.535 g/m 3

MVD = 20 pm

Spray = 6.0 min
chord = 90 cm (36 in)

Cd-cl_,n= 0.0087
Cd_io_= 0.0174

008

006

0.04

002

0¸[7:)

-002

.O, 04

I I I'ceTh'c'°''sIUpper Max Leading Edge Lower Max

_36" Tracing] 11.8 mm t0.47')

-006

-O05 0(30 0.05 010
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Business Jet- Run 080195.08

"It = -14.0°C (6.8°F)
T, = -18.0°C (-0.4°F)

V = 90 m/s (175 kts)
Attitude = 6.2 °

LVVC = 0.535 g/m 3

MVD = 40 _m

Spray = 6.0 min
chord = 90 cm (36 in)

Cd-_l,,,n= 0.0093
Cd._ = 0.0302

0.08

0.06

O04

002

0.00

-0,02

-0.04

I I Ice ThicknessUpper Max Leading] EdFje Lower Max
_36" Tracin_l 123 mm (0.49" I
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-005 000 0.05 010 0.15 020 025
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Business Jet - Run 080195.09

Tt = -14.0°C (6.8°F)
T, = -18.0°C (-0.4°F)

V = 90 m/s (175 kts)
Attitude = 6.2 °

LVVC = 0.535 g/m 3

MVD = 40 [um

Spray = 4.2 min
chord = 90 cm (36 in)

Cd-_l,,o= 0.0093
Cd._ = 0.0275

0.08

0.06

004

0 O2

000

-002

-0.04

Ice Thickness t
Upper Max I Leading Edge I Lower Max

I s28 mm (0.33") I I
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-0.05 000 0.05 0.10 015
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Business Jet - Run 080295.01

"It = -0.8°C (31.0°F)
T, = -5.0°C (23.0°F)

V = 90 m/s (175 kts)
Attitude = 6.0 °

LWC = 0.54 g/m 3

MVD = 20 pm

Spray = 12.0 min

chord = 90 cm (36 in)

C___,,,n= 0.0093
Cd_ic_= 0.0679

008

O06

0,04

0.02

0,(30

.0.02

-0.04 -

I Ice Thickness

I Upper Max I Stagnation Line I
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Business Jet - Run 080295.02

Tt = -0.8°C (31.0°F)
T, = -5.0°C (23.0°F)

V = 90 m/s (175 kts)
Attitude = 4.1°

LVVC = 0.54 g/m 3

MVD = 20 pm

Spray = 22.5 min
chord = 90 cm (36 in)

Cd-cl_o= 0.0087
C_.,c_= 0.0014

0.08

u

0.06

0.04

0.02

0.00

-002

-0.04

__j/ [ Ice Thickness
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Business Jet - Run 080295.04

"It= -0.8°C (31.0°F)
T, = -5.0°C (23.0°F)

V = 90 m/s (175 kts)
Attitude = 4.1°

LWC = 0.54 g/m 3

MVD = 20 _m

Spray = 6.0 min
chord = 90 cm (36 in)

C__cl_,= 0.0087
C_._ = 0.0217

o_o8r
!

0.06

0.04

0.02 -

u

0.170

43.02

-004

__ J I Ice ThicknessI -_. T=o0I_u,::_oaXI ,St,_n,_oo_,_,,,,;I LowerMax J
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Business Jet - Run 080295.05

Tt = -3.9°C (24.9°F)
T, = -10.0°C (14.0°F)

V = 109 m/s (212 kts)
Attitude = 4.1°

LWC = 0.43 g/m 3

MVD = 20 _m

Spray = 22.5 min
chord = 90 cm (36 in)

Cd.clean = 0.0087
Cd-ic,_= 0.0352

0.08 i
i

006

004

002

000

_)02
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Business Jet- Run 080295.06

T, = -0.8°C (31.0°F)
T, = -5.0°C (23.0°F)

V = 90 m/s (175 kts)
Attitude = 4.1 o

LVVC = 0.54 g/m 3

MVD = 20 pm

Spray = 22.5 min

chord = 90 cm (36 in)

C___l_,o= 0.0087
Cd_,:_= 0.0679

0,08

006

0.04

0.02

u

0.00

-002

_).04

I I JoeT,iokne,s I

I I Upper Max I Sta_lnation Line I Lower Max I
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-006
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Business Jet- Run 080395.01

T, = -0.7°C (30.8°F)
T, = -8.7°C (16.3°F)

V = 129 m/s (250 kts)
Attitude = 1.5 °

LVVC = 0.75 g/m 3

MVD = 15 p.m

Spray = 10.0 rain
chord = 90 cm (36 in)

Cd__,_,o= 0.0082
Cd-iced= 0.0380

008

006 -

0.04¸

002

0.0(I i

i

-002
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36" Tracir

Ice Thickness
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Business Jet - Run 080395.02

T, = -0.7°C (30.8°F)
T, = -8.7°C (16.3°F)

V = 129 m/s (250 kts)
Attitude = 1.5 °

LWC = 1.25 g/m 3

MVD = 20 !um

Spray = 5.4 min
chord = 90 cm (36 in)

Cd_:,_,o= 0.0082
C_.,_ = 0.0247

008

006

0.04

0 O2

0,00

-O.02

-004
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Ice Thickness
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Business Jet - Run 080395.03

Tt = -2.0°C (28.4°F)
T, = -6.2°C (20.9°F)

V = 90 m/s (175 kts)
AOA = 6.1 °

LWC = 1.00 g/m 3

MVD = 15 p.m

Spray = 15.0 min
chord = 90 cm (36 in)

Cd_clean= 0.0093
C_.,c_= 0.0775

008

006

004

002

000

_0 O2

-004

J ceThcknes
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Business Jet - Run 080395.04

"It = -4.4°C (24.2°F)
T, = -8.5°C (16.7°F)

V = 90 m/s (175 kts)
Attitude = 6.1°

LWC = 1.60 g/m 3

MVD = 20 pm

Spray = 8.4 min
chord = 90 cm (36 in)

Cd.clean = 0.0093
C_._,_= 0.1027

008 ,

0.06

0,04
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o
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-002

I Ice ThicknessUpper Max Stagnation Line
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Business Jet - Run 080395.05

Tt = -7.4°C (18.8°F)
Ts = -15.2°C (4.7 °F)

V = 129 m/s (250 kts)
Attitude = 1.60

LVVC = 0.75 g/m 3

MVD = 15 p.m

Spray = 10.0 min
chord = 90 cm (36 in)

008
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Business Jet - Run 080395.06

Tt = -7.4°C (18.8°F)
T, = -15.2°C (4.7°F)

V = 129 m/s (250 kts)
Attitude = 1.6 °

LWC = 1.25 g/m 3

MVD = 20 _.m

Spray = 5.4 min
chord = 90 cm (36 in)

Cd-cl=o= 0.0082
C,-,c_ = 0.0577
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0.06

0.04

0.02

0.00
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-006 .............
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Business Jet - Run 080395.07

T, = -11.0°C (12.3°F)
Ts = -15.0°C (5.0°F)

V = 90 m/s (175 kts)
Attitude = 6.1 o

LWC = 1.60 g/m 3

MVD = 20 pm

Spray = 8.4 min
chord = 90 cm (36 in)

Cd-c,_n= 0.0093
Cd-ic_ = 0.0433

008 r

0.06

0.04

002
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Business Jet - Run 080495.01

TI = -27.8°C (-18.0°F)
T, = -31.6°C (-24.9°F)

V = 90 m/s (175 kts)
Attitude = 6.1 o

LVVC = 0.83 g/m 3

MVD = 160 pm

Spray = 6.0 min

chord = 90 cm (36 in)
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0.06

0.04

J

002 i

0.00

-0 02

-0.04
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Business Jet- Run 080495.02

"It = -27.8°C (-18.0°F)
T, = -31.6°C (-24.9°F)

V = 90 m/s (175 kts)
Attitude = 4.1 o

LVVC = 0.83 g/m 3

MVD = 160 pm

Spray = 6.0 min
chord = 90 cm (36 in)

O08
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004
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Business Jet - Run 080495.04

Tt = -11.0°C (12.2°F)
T, = -15.0°C (5.0°F)

V = 90 m/s (175 kts)
Attitude = 4.1°

LWC = 0.83 g/m 3

MVD = 160 Hm

Spray = 20.0 min

chord = 90 cm (36 in)

006 ,
I

o.o4

I
I

002 i
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Business Jet- Run 080495.05

Tt = -0.8°C (30.6°F)
T, = -5.00C (23.0°F)

V = 90 m/s (175 kts)
Attitude = 6.2 °

LWC = 0.83 g/m 3

MVD = 160 pm

Spray = 20.0 min
chord = 90 cm (36 in)

u

008 •

i

o.c_ [

i
oo4 i

L

I
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I
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4?.02

-004

Ice Thickness

Upper Max Sta,qnation I_36" Tracin_ 34.2 mm (1.35") I ' Line

Lower Max

_).o6 .............................

-005 000 005 0 10 0 15 0 20

X/C

025

NAS A/TP--2000- 210031 99



Business Jet - Run 080495.06

Tt = -0.8°C (30.6°F)
T, = -5.0°C (23.0°F)

V = 90 m/s (175 kts)
Attitude = 6.2 °

LWC = 0.54 g/m 3

MVD = 20 p.m

Spray = 22.5 min
chord = 90 cm (36 in)

Cd-cl_o= 0.0093
C_._ = 0.1201
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0.06

0.04

002

u

0.00
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-004
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Appendix D2

Test Results, Business Jet--2nd Entry
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Business Jet - Run 201

Tt = -0.8°C (30°F)
T, = -5.0°C (22°F)

V = 90.0 m/s (175 kts)
AOA = 6.2 °

LWC = 0.405 g/m 3

MVD = 20 pm

Spray = 4.4 min

chord = 90 cm (36 in)

C_._l_n= 0.0092
Cd.,c,_= 0.0353

Ci.ctean -" 0.676

C,=ed= 0.654
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002
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-- 30" Tracing 6.7 mm (.26") 4.4 mm (.17") 3.7 mm (0.15")

J
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-005 0,00 0,05 0.10 0.15 020 0,25
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E
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1.2 ........

Clean --e-- Iced
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Angle of Attack, deg
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Business Jet - Run 202

Tt = -0.8°C (30°F)
T, =-5.0°C (22°F)

V = 90.0 m/s (175 kts)
AOA = 6.2 °

LVVC = 0.54 g/m 3

MVD = 20 I_m

Spray = 2.0 min

chord = 90 cm (36 in)

Cd-clo_n= 0.0092
Cd-_ = 0.0293

C_-:_e,o= 0.676

Cl-,ced= 0.646
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004
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u
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Ice Thickness
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_ 36" Tracing 27 mm (.11") 2.1 mm (.08")

30" Tracing 3.7 mm (.15") 2.8 mm (.11")

-o D6 .......................................
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Business Jet- Run 202m

"It =-0.8°C (30°F)
T, = -5.0°C (22°F)

V = 90.0 m/s (175 kts)
AOA = 6.2 °

LWC = 0.54 g/m 3

MVD = 20/am

Spray = 2.0 min

chord = 90 cm (36 in)

C_-_te,,= 0.0092
Cd-_d = 0.0292

Cl-_Lean= 0.676

C_-ic,d= 0.661
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Business Jet - Run 202r

Tt = -0.8°C (30°F)
T, = -5.0°C (22°F)

V = 90.0 m/s (175 kts)
AOA = 6.2 °

LWC = 0.54 g/m 3

MVD = 20 _m

Spray = 2.0 min

chord = 90 cm (36 in)

C,<_, = 0.0092
C,_ic_ = 0.0291

Cl_clean = 0.676

Cl-_e_= 0.651
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Ice Thickness
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Business Jet - Run 203

"It = -0.8°C (30°F)
T, = -5.0°C (22°F)

V = 90.0 m/s (175 kts)
AOA = 6.2 °

LWC = 0.54 g/m 3

MVD = 20 pm

Spray = 6.0 min

chord = 90 cm (36 in)

C_.c,=n= 0.0092
Cd.,=_= 0.0158

Cl.clean " 0.676

Cl-_ed= 0.631
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006
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Ice Thickness

Upper Max Leadina Edae

11.1 mm (0.44") 5.60 mm (0.22")-- 42" Tracing
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Business Jet - Run 204

Tt = -0.8°C (30°F)
T, = -5.0°C (22°F)

V = 90.0 m/s (175 kts)
AOA = 6.2 °

LWC = 0.54 g/m 3

MVD = 20 pm

Spray = 22.5 min

chord = 90 cm (36 in)

Cd_,_ao= 0.0092
C_-_,d= 0.1104

Ci_,..o= 0.676

C_-,cea= 0.632

008

0.06

L

Ice Thickness

30" Tracing
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004 .

ooo2
000

-004 - "

-006

-0 05 000 005 010 015 0.20 025
X/C

1.2
i

Clean --e-- Iced

1.0 i

0.8 __

0.6

0.4

0.2

0.0 +

0.0 5,0 10.0

Angle of Attack, deg

15.0

NASA/TP--2000-210031 107



Business Jet - Run 205

Tt = -5.9°C (20.8°F)
T, =-10.0°C (13.4°F)

V = 90.0 m/s (175 kts)
AOA = 6.2 °

LWC = 0.535 g/m 3

MVD = 40 pm

Spray = 1.1 min

chord = 90 cm (36 in)

Cd-_,,,,n= 0.0092
C,-i_ = 0.0173

Cl..clean - 0.676

C_-iced= 0.668
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Business Jet - Run 205r

Tt = -5.9°C (20.8°F)
Ts = -10.0°C (13.4°F)

V = 90.0 m/s (175 kts)
AOA = 6.2 °

LWC = 0.535 g/m _

MVD = 40 pm

Spray = 1.1 min

chord = 90 cm (36 in)

Cd-c_o= 0.0092
Cd._ = 0.0176

C_-clean= 0.676

Cl-iced= 0.662

0.08

0.06

0.04

-- 42" Tracing

36" Tracing

Ice Thickness

Leadin_ Ed,qe Lower Max

2.8 mm (.11")

Upper Max

1,9 mm (,08")

30" Tracing 1.5 mm (06")

0.02

o

0.00

-002

-004

-006 .........

-0.05 000 005 0 10 0 15

xJc

020 025

O
O

-I

1.2 -
--l--Clean ---t-- Iced

1.0

0.8

0.6

0.4 ---

0.2

0.0, - ! ......

0.0 5,0 10.0 150

Angle of Attack, deg
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Business Jet - Run 206

"1",= -5.9°C (20.8°F)
"Is =-10.0°C (13.4°F)

V = 90.0 m/s (175 kts)
AOA = 6.2 °

LWC = 0.535 g/m 3

MVD = 40 pm

Spray = 4.2 min

chord = 90 cm (36 in)

C,._,_,,= 0.0092
Cd-ic_= 0.0176

C,-_l_.o= 0.676

C_-iced= 0.637

0.08

0,06

0.04

002

u

0(30

-o02

-0.04

-- 42" Tracing

36" Tracin_l

.... 30" Tracing

Ice Thickness

Upper Max

10.2 mm (0.40")

8.8 mm (0.35")

9,9 mm (0.39")

Leading Eddie Lower Max

11.0 mm (0,44") 6,9 mm (0,27")

9.1 mm (0.36") 5.6 mm (0.22")

10.5 mm (0.41") 6.6 mm (0.26")

j/

_].06
-0.05 0.(30

0,05 O.10 0 15 020 0.25
X/C

rj

1.2 T

1.0

0.8

0.6 i

0,4

i

0.0

0.0 5.0 10.0

Angle of Attack, deg

15.0
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Business Jet - Run 207

Tt = -5.9°C (20.8°F)
T, = -10.0°C (13.4°F)

V = 90.0 m/s (175 kts)
AOA = 6.2 °

LWC = 0.43 g/m 3

MVD = 20 pm

Spray = 2.0 min
chord = 90 cm (36 in)

Cd_clean "- 0.0092
Cd-_ = 0.0186

C_lean= 0.676

Ct-iced= 0.657

008

006

0.04

0.02

u

00(1

-002

-0 04

upper Max

Ice Thickness

Leadin_l Eddie

2.5 mm (.10")-- 42" Tracing

_36" Tracing 2.2 mm (.09")

30" Tracing 2.7 mm (.t1")

LowerMax

-006 ...........

-005 OO0 005 010 015 0.20

x/C

025

1.2 -- --

Clean --e-- Iced

1,0

0.8

0.6

0.4

0,2 - -_

|

._ _0.0 j

0.0 5.0 10.0 15.0

Angle of Attack, deg

NASA/TP--2000-210031 111



Business Jet - Run 208

Tt = -5.9°C (20.8°F)

T, = -10.0°C (13.4°F)

V = 90.0 m/s (175 kts)
AOA = 6.2 °

LWC = 0.43 g/m 3

MVD = 20 t_m

Spray = 6.0 min

chord = 90 cm (36 in)

Cd-c_n = 0.0092

Cd-ic_ = 0.0301

C_leao = 0.676

Cl-_ = 0.641

0.08

OO6

0.04

0 O2

u

0.00 -

i

i

-0.02 ,

-- 42" Tracing

36" Tracing

30" Tracing

upperMax

Ice Thickness

Leading Edge

9.8 mm (.38")

Lower Max

5.8 mm (.23")

8.4 mm (.33") 53 mm (.21")

9.6 mm (,38") 5.8 mm (.23")

-0.04

i
_.o6 L

-0.05 0.00 0,05 010
xJc

0.15 0.20 025

o

0
0

0
0

=_
-J

1.2 _ .......... •
Clean _ Iced

r

0,4

i
0.2

5.0 10.0

Angle of Attack, deg

15.0
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Business Jet - Run 209

T_= -5.9°C (20.8°F)
T, = -10.0°C (13.4°F)

V = 90.0 m/s (175 kts)
AOA = 6.2 °

LVVC = 0.43 g/m 3

MVD = 20 pm

Spray = 22.5 min

chord = 90 cm (36 in)

Cd-d_n= 0.0092
Cd-_ = 0.0343

C_cl_n= 0.676

C_.iced= 0.655

0.08

0.06 i

Ice Thickness

-- 42" Tracing

_36" Tracin_

Upper Max Leading Edge Lower Max

37.7 mm (1.48") 25.9 mm (1.02")

32.6 mm (129") 22.0 mm (0.87")

37.5 mm (1.48") 24.7 mm (0,97")
-- 30" Tracing

004

002 .
/

u

0.017,

-0.02

-004 .

-006 ..........

_.05 000 005 010 015

xJc

020 025

-i

1,2 - --

Clean + Iced

1.0 _ * -

0.8_ - - -

0.6.

0.4

5.0 10,0

Angle of Attack, dog

15,0
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Business Jet - Run 210

It = -11.0°C (11.7°F)
T, = -15°C (4.4°F)

V = 90.0 m/s (175 kts)
AOA = 6.2 °

LWC = 0.405 g/m 3

MVD = 20 pm

Spray = 2.0 min

chord = 90 cm (36 in)

Cd-d_n= 0.0092
Cd-ic_= 0.0171

Cl-cje,,= 0.676

Cl-,=ed= 0.660

0.08

006

0.04

002

0.00

-0.02

-0.04

-- 42" Tracing
upper Max

Ice Thickness
Lower MaxLeadin_l Eddie

2.3 mm (.09")

36" Tracing 2.0 mrn (.08")

30" Tracing 2.3 mm (.09")

J

-0.06 ....

-0.05 O00 0.05 010 015

X/C

0.20 0.25

5

,_==
E
8

O

=_
.,J

1.2

----=-- Clean --e- Iced ii

0.4

F

0.2

0.0'

0.0 5.0 10.0

Angle of Attack, deg

15.0
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Business Jet- Run 211

"It = -11.0°C (11.7°F)
Ts = -15°C (4.4°F)

V = 90.0 m/s (175 kts)
AOA = 6.2 °

LVVC = 0.405 g/m 3

MVD = 20 #m

Spray = 4.4 min

chord = 90 cm (36 in)

Cd-d_o = 0.0092
Cd_icl_I = 0.0252

Cl-_,eao= 0.676

C_-_ed= 0.647

008

006

0.04

0,02

u

000

-002

4304

-- 42" Tracinc_

36" TracinQ

30" Tracing

upper Max

Ice Thickness

Leading Edge Lower Max

5.8 mm (23") 5.8 mm (.23")

5.2 mm (20") 5.2 mm (20")

6.6 mm (26") 5.7 mm (.23")

.006 ..................

-005 000 005 010

xJc

0.15 020 0.25

1.2 .... _ --

I

• -.- Clean _ Iced

1.0

0.8

_ 0.5

8
0

0.4

0.2

0,0 .......

0.0 5.0 10.0 15.0

Angle of Attack, deg
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Business Jet - Run 212

T: = -11.0°C (11.7°F)
T, = -15°C (4.4°F)

V = 90.0 m/s (175 kts)
AOA = 6.2 °

LVVC = 0.405 g/m 3

MVD = 20 pm

Spray = 16.7 min

chord = 90 cm (36 in)

Cd.cl,,,n= 0.0092
Cd.ic_ = 0.0287

C_de,, = 0.676

C_.i_ed= 0.658

u

008

0,06

F

004 -

0.02 -

000

.0.02

-004

30" Tracing I

Ice Thickness

Upper Max I Leadin_lEd_le I Lower Max J
24.0 mm (0.95") J 21.9 mm (0,86") I

-0.06

.005 0.00 0.05 0,10

X/C

015 020 0,25

O

.d

o.o i i
0.0 5.0 10.0

Angle of Attack, deg

15.0
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Business Jet- Run 213

T, = -5.9°C (20.8°F)
Ts = -10.0°C (13.4°F)

V = 90.0 m/s (175 kts)
AOA = 6.2 °

LWC = 0.60 g/m 3

MVD = 15 tJm

Spray = 2.0 min
chord = 90 cm (36 in)

Cd-c_o = 0.0092
Cd-,;_ = 0.0129

C,-c_,n= 0.676

C_-ioed= 0.660

008

006

004

002

000

-002

-0.04

Ice Thickness

Upper Max Leading Edge Lower Max

--42" Tracing 3.3 mm (.13")

_36" Tracing 3.1 mm (.12")

30" Tracing 3.6 mm (.14")

*0.05 ...............

_).05 0.00 0.05 010

x/C

0,15 O20 025

1.2 T
I

Clean +Iced

1_0 ,

0.0 •

0.0 5,0 10.0

Angle of Attack, deg

15.0
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Business Jet - Run 214

Tt = -5.9°C (20.8°F)
T, = -10.0°C (13.4°F)

V = 90.0 m/s (175 kts)
AOA = 6.2 °

LWC = 0.60 g/m 3

MVD = 15 _m

Spray = 6.0 min

chord = 90 cm (36 in)

Cd-_,,a,= 0.0092
Cd.ic_ = 0.0158

C_<leao= 0.676

C_-iced= 0.675

0.08

0.06 -

L

004

0.02

000

-0.02

-0.04

-- 42" Tracing
upper Max

ice Thickness
Stagnation Line

12.1 mm _.48")

Lower Max

36" Tracing 11.1 mm (0.44")

-- 30" Tracing 12.6 mm (0.50")

-0,06

<}.05 000 0.05 0.10

x/C

015 0,20 0,25

1.2

Clean --e-- Iced

! f

'_o.o! __7,/ i

0.4 !.... _

i '

0.0 z .......... 4

0,0 5.0 10,0

Angle of Attack, deg

15.0

118 NAS A/TP--2000- 210031



Business Jet - Run 221

Tt = -0.8°C (30°F)
T, = -5.0°C (22°F)

V = 129 m/s (250 kts)
AOA = 1.5 °

LVVC = 0.54 g/m 3

MVD = 20 pm

Spray = 3.0 min
chord = 90 cm (36 in)

Cd-_n = 0.0081
Cd-ic_= 0.0151

C_cle,o= 0.228

C_._ed= 0.220

0.08

006

004

o 02

0.(30

-0.02

-- 42" Tracing

36" Tracing

Upper Max

- 30" Tracing 7.8 mm (31")

Ice Thickness

Leading Edge

2.8 mm (. 11")

Lower Max

2.6 mm (.10")

7.8 mm (31") 7.0 mm (27")

6.6 mm (.26") 2.6 mm (.10") 63 mm (25")

7.6 mm (.30")

_O.04

-0.08 ...............
-0.05 0.00 0,05 010

X/C

015 0.20 0.25

.O

O
O

(J
¢_
-I

1.2

1.0

0.8

0.6

0.4

0.2

0.0 ,--

0,0 5.0 10.0

Angle of Attack, deg

15.0
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Business Jet - Run 222

Tt = -0.8°C (30°F)
Ts = -5.0°C (22°F)

V = 129 m/s (250 kts)
AOA = 1.5 °

LWC = 0.54 g/m 3

MVD = 20 pm

Spray = 6.0 min

chord = 90 cm (36 in)

Cd-c_,n= 0.0081
C_.ic_ = 0.0238

C__c_,o= 0.228

C_-_ed= 0.222

0,08

;

0.06,

i
i

0.04 -

0,02

u

-0.02

-- 42" Tracing

Upper Max
Ice Thickness

Leadin_ Edge

5.5 mm (0.22")

Lower Max

13.5 mm (0.53")14.5 mm (0.57")

_36" Tracing 14.3 mm (0.56") 4.8 mm (0.19") 12.3 mm (0.48")

30" Tracing 16,1 mm (0.64") 5,1 mm (0.20") 15.6 mm (0,61")

_04

-006 ,

-0.05 0.00 0.05 0.10 015 0,20 0,25

X/C

c

E
8

12
--.m--Clean _ Iced

1.0 _-_
i

o8i

0.4

0,2

0,0 ±

0.0 5.0 10.0

Angle of Attack, deg

15.0
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Business Jet - Run 223

It = -0.8°C (30°F)
Ts = -5.0°C (22°F)

V = 129 m/s (250 kts)
AOA = 1.5 °

LWC = 0.31 g/m 3

MVD = 20 pm

Spray = 2.9 min
chord = 90 cm (36 in)

C___,_n= 0.0081
C_._ = 0.0125

Cb-c,eao= 0.228

C_-_c.d= 0.226

008

006

004

0.02

u

000

-0 02

Ice Thickness

Upper Max Leading Edge Lower Max

-- 42" Tracing 8.7 mm (34") 3.8 mm (.15") 8.3 mm (.33")

36" Tracin_l 7.7 mm (.31 ") 3.6 mm (. 14") 7.6 mm (.30")

30" Tracing 9.1 mm (36") 3,8 mm (. 15") 7.7 mm (.30")

_).04

-0.06 ................................
-005 0.00 005 010 015 0.20 0.25

XlC

O
O

1,2 --

--a--Clean--e--Iced

1.0

0.8_

0,6

0.4

0.2

0.0 -

0.0 5.0 10.0

Angle of Attack, deg

15.0
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Business Jet - Run 224

Tt = -0.8°C (30°F)
T, = -5.0°C (22°F)

V = 129 m/s (250 kts)
AOA = 1.5 °

LWC = 0.31 g/m 3

MVD = 20 pm

Spray = 5.8 min

chord = 90 cm (36 in)

Cd_l_,n= 0.0081
Cd-_ = 0.0179

C_-_,.,n= 0.228
C_-iced= 0.232

008

0.06

0_04 I

0.02 L

u

000

.0,02

Ice Thickness

Upper Max Leadin_l Edc=le Lower Max
-- 42" Tracing 17.8 mm (0.70") 7.60 mm (0.30") 16.8 mm (0.66")

_36" Tracin_ 17.3 mm (0.68") 6.80 mm (027") 13.2 mm (0.52")

..... 30" Tracin_ 17,8 mm (0.70") 6.90 mm (0.27") 15.8 mm (0.62")

.0.04 -

-006

-0.05 O00 005 010 0.15 0.20 0.25

_c

C
._o

1.2

1.0

0.8

0.6

! i

0.4

0.2

f

I
0.0 '-

i
i

i
i

0.0 5.0 10.0

Angle of Attack, deg

15.0
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Business Jet - Run 225

T_= -5.9°C (20.8°F)
T, = -10.0°C (13.4°F)

V = 129 m/s (250 kts)
AOA = 1.5 °

LWC = 0.50 g/m 3

MVD = 15 pm

Spray = 3.6 min
chord = 90 cm (36 in)

C___o = 0.0081
Cd.,_ = 0.0096

Ct-_,,an= 0.228

Ct-,ce_= 0.217

o

0.08

0,06

004

0.02

0,00_

-0,02 •

-004 ,

Ice Thickness

Upper Max Leading Edge Lower Max

-- 42" Tracing 1.7 mm (.07")

36" Tracing

30"Traong

1.7 mm (.07")

1.7 mm (.07")

jJ

-0 05 0 oo 005 0 to 0.15 0.20

xJc

025

23

1.2- -- i " -
--=--Clean --e--Iced

7
1.o "

0.8

0.6

0.4

0.2

0.0 _

0,0 5.0 10.0

Angle of Attack, deg

15,0
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Business Jet - Run 226

"It = -5.9°C (20.8°F)
T, = -10.0°C (13.4°F)

V = 129 m/s (250 kts)
AOA = 1.5°

LVVC = 0.50 g/m 3

MVD = 15/_m

Spray = 7.2 min

chord = 90 cm (36 in)

Cd-_t_,n= 0.0081
C_-ic_= 0.0113

C_,_o = 0.228

Cl__ = 0.227

0.08

0.06

0.04

-- 42" Tracing

upper Max

Ice Thickness
Lower MaxLeadin_l Eddie

3.8 mm (.15")

_36" Tracing 3.8 mm (.15")

30" Tracing 3.9 mm (.15")

0.02 r

1

-002

-0.04

-0.06

-0.05 0(73 005 010

x/c

0.15 020 0.25

O

.=_

i
0,8

0.0_

0.0 5.0 10.0

Angle of Attack, deg

15.0
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Business Jet - Run 231

Tt = -0.8°C (30°F)
Ts = -5.0°C (22°F)

V = 90.0 m/s (175 kts)
AOA = 4.0 °

LWC = 0.54 g/m 3

MVD = 20 jam

Spray = 2.0 min

chord = 90 cm (36 in)

Cd-d_,,= 0.0086
C__ic_= 0.0196

Ci-deao= 0.472

Ci-iced= 0.463

0,08

0,06

0k04

0.02

0.00

-0,02

-004

Ice Thickness

Upper Max Leading Edge

-- 42" Tracing 3.1 mm (.12") 1.7 mm (.07")

_36" Tracing 2.4 mm (,10") 2.3 mm (.09")

30" Tracing I 3.0 mm (,12") 1,8 mm (.07")

Lower Max

-0 05 0.00 005 0.10 015 0.20 025

x/c

1.2 •

--=-- Clean --e--Iced

0.8 --

o.6_ / --

/0.4

0.2 _/

0,0

0,0 5.0 10.0

Angle of Attack, deg

15.0

NASA/TP--2000-210031 125



Business Jet - Run 232

"It= -0.8°C (30°F)
T, = -5.0°C (22°F)

V = 90.0 m/s (175 kts)
AOA = 4.0 °

LWC = 0.54 g/m 3

MVD = 20 Hm

Spray = 6.0 min

chord = 90 cm (36 in)

Cd-,_,o= 0.0086
Cd.ic_ = 0.0394

Ct.cleen -" 0.472

Cl-_ed= 0.470

0.08

006

O.O4

-- 42" Tracing

_36" Tracin_

30" Tracing

Ice Thickness

upperMax Leadin_ Eddie

11.3 mm (0,44") 4.50 mm (0.18")

11.4 mm (0.45") i

11.8 mm (0.47") i

Lower Max

6.30 mm (0.25")

3.80 mm (0.15") 5.40 mm (0.21")

5.10 mm (0.20") 5.50 mm (0.22")

0.02

0_00

_.02

-0.04

-006
-0.05 0(30 0.05 0.10 015 0.20 0.25

x/C

1.2

0.0 ..... _m

0.0 5.0 10.0

Angle of Attack, deg

15.0
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Business Jet - Run 233

Tt = -5.9°C (20.8°F)
Ts = -10.0°C (13.4°F)

V = 90.0 m/s (175 kts)
AOA = 4.0 °

LWC = 0.60 g/m 3

MVD = 15 pm

Spray = 2.0 min

chord = 90 cm (36 in)

C__cl_n= 0.0086
Cd_ic_= 0.0116

C,-_tean= 0.472

Cl-ice_= 0.480

OO8

0.06

004

002

0.00 !

-0.02

-0.04 .

-- 42" Tracing]

36" Tracin_l

30" Tracing

Ice Thickness

Upper Max Leading Edge

3.1 mm (.12")

3.0 mm (.12")

3.3 mm (.13")

Lower Max

-006 ........
-005 0.00 005 0.10

xtc

015 020 025

1.2 - -

---=--Clean --e--Iced

0.8 ....

0.6

0.4

0.2

0,0 ; ..........

0.0 5.0 10.0 15.0

Angle of Attack, deg
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Business Jet - Run 234

Tt = -5.9°C (20.8°F)
Ts = -10.0°C (13.4°F)

V = 90.0 m/s (175 kts)
AOA = 4.0 °

LWC = 0.60 g/m 3

MVD = 15/am

Spray = 6.0 min

chord = 90 cm (36 in)

Cd-_l_,o= 0.0086
Cd-ic_= 0.0142

Cl.clean = 0.472

Cl-_ed= 0.472

0.08

006

0.04

002

000

-002

-0.04

-0,06
-005

Ice Thickness

Upper Max Leading Edge Lower Max

-- 42" Tracing 12.4 mm (0,49") 7.40 mm (0.29")

_36" Tracing 10,2 mm (0,40") i6,40 mm (0.25")

.... 30" Tracing 13.2 mm (0.52") 7.80 mm (0.31")

o.0o 0.05 0.10 015 020 0.25

XJC

1.2

L

1.0

0.0

0.0

Clean --e--- Iced

5.0 10.0

Angle of Attack, deg

15.0
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Business Jet - Run 235

Tt = -5.9°C (20.8°F)
Ts = -10.0°C (13.4°F)

V = 90.0 m/s (175 kts)
AOA = 4.0 °

LWC = 0.535 g/m 3

MVD = 40 I_m

Spray = 1.1 min
chord = 90 cm (36 in)

Cd_,_o= 0.0086
C__,o_= 0.0.132

CI-cleao= 0.472

Cl-_,d= 0.467

0.08

0.06

004

Ice Thickness
Lower Max

-- 42" Tracing

36" Tracing

30" Tracing

Upper Max Leadin_ Edge

2.0 mm (.08")

2.5 mm (. 10")

2.4 mm (. 10")

0.o2

o0o

-002

-004

J

-006 .........................

.005 0.00 005 0 10 0 15

x/c

o 20 025

._e

o
0

.J

1.2

Clean --e-- Iced

0.2 !

0.0 -

0.0 5,0 10.0

Angle of Attack, deg

15.0
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Business Jet - Run 236

"1",= -5.9°C (20.8°F)
T, = -10.0°C (13.4°F)

V = 90.0 m/s (175 kts)
AOA = 4.0 °

LWC = 0.535 g/m _

MVD = 40 ram

Spray = 4.2 min

chord = 90 cm (36 in)

Ca-chin= 0.0086
Cd._,_= 0.0252

C_-_l_n= 0.472

Cl-_d = 0.455

0.08

0.06

0.04

Ice Thickness

upper Max Leadin_l Eddie Lower Max

-- 42" Tracing 11.5 mm (0.45") 4.90 mm (0.19") 6.80 mm (0.27")

_ 36" Tracing 10.9 mm (0.43") 4.80 mm (0.19") 7.70 mm (0.30")

- 30" Tracing 10.9 mm (0.43") 4.90 mm (0.19") 8.00 mm (0,32")

002

0,00

-002

.0.05 O00 005 010 0.15

x/C

020 0,25

.e
O

O
(.,)

=_

1.2

0.0:

0.0 5.0 10.0

Angle of Attack, deg

15.0
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Business Jet - Run 237

"It = -11.0°C (11.7°F)
T, =-15°C (4.4°F)

V = 90.0 m/s (175 kts)
AOA = 4.0 °

LWC = 0.405 g/m _

MVD = 20 _m

Spray = 1.5 min

chord = 90 cm (36 in)

C,<l_n = 0.0086
C__,c_= 0.0113

C,<teao= 0.472

C1__ = 0.462

008

006

Upper Max

-- 42" Tracing

36" Tracing

30" Tracing

Ice Thickness

Leadin_l Eddie Lower Max

1.9 mm (.08")

1.6 mm (.06")

1,8mm(.07")

004

0.02 _ _/

000 1

-002

-004 ,

-0.06 ................
_)05 0.00 0 05 010

X/C

015 020 0.25

1.2

---=--- Clean --e-- Iced

1.0

0.8

0.6

0.4

0.2

0.0 -

0.0 5.0 10.0

Angle of Attack, deg

15.0
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Business Jet - Run 238

"It = -11.0°C (11.7°F)
T, =-15°C (4.4°F)

V = 90.0 m/s (175 kts)
AOA = 4.0 °

LVVC = 0.405 g/m 3

MVD = 20 p.m

Spray = 4.4 min

chord = 90 cm (36 in)

C_-cb_o= 0.0086
C__,c_= 0.0169

Cl-_)ean= 0.472
C_-iced= 0.453

0.08

006

0.04

-- 42" Tracing

36" Tracing

Ice Thickness

Upper Max Leadin_ Edge Lower Max

6.5 mm (26") 5,9 mm (.23")

4.9 mm (.19") 5.3 mm (.21")

30" Tracing 5.5 mm (,22") 5.8 mm (23")

002 !

0(30

-0.02

-004

-0.06 ........................................................

4J.05 000 005 &10 0 15 0.20 0.25

xJc

"5

O

5-

1.2

0,0

0.0 5,0 10.0

Angle of Attack, deg

15.0
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Appendix D3

Test Results, Commercial Transport
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Commercial Transport- Run 101

Tt = 0.0°C (32°F)
T, = -10°C (13°F)

V = 146 m/s (284 kts)
AOA = 0.7 °

LWC = 0.41 g/m 3

MVD = 20 pm

Spray = 6.0 min

chord = 90 cm (36 in)

0.08

0.06

0.04

0.02

O00

4302

4304

-- 42" Tracing

_36" Tracing

30" Tracin_

Upper Max

15.7 mm (0.62")

Ice Thickness

Leading Eddie Lower Max

6,40 mm (0,25") 13.5 mm (053")

12.7 mm (0.50") 7,10 mm (0.28") 11.2 mm (0,44")

14.2 mm (0.56") 14.2 mm (0.56")

-o.o6 .......

4).05 o0o o,o5 O.lO

x]c

o15 0.20 025
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Commercial Transport- Run 102

Tt = 0.0°C (32°F)
T, = -10°C (13°F)

V = 129 m/s (250 kts)
AOA = 0.7 °

LVVC = 0.46 g/m 3

MVD = 20 p_m

Spray = 6.0 min
chord = 90 cm (36 in)

008

0.06

0£

Z

r
t

002 i

000 u

_)02

Ice Thickness

Upper Max Leading Edge Lower Max

-- 42" Tracin_l 8.6 mm (.34") 0.8 mm (.03") 7.9 mm (.31")

--36" Tracing 84 mm (.33") 0.8 mm (.03") 7.9 mm (.31")

30" Tracing 107 mm (A2") 0.8 mm (.03") 9.7 mm (38")

-004

-0 06 ...........

-005 0 O0 005 0 10 0 15 020

x/C

025
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Commercial Transport- Run 103

It = 0.0°C (32°F)
T, = -10°C (13°F)

V = 129 m/s (250 kts)
AOA = 0.7 °

LWC = 0.46 g/m 3

MVD = 20 I.tm

Spray = 22.5 min

chord = 90 cm (36 in)

o.o8 [

I

o041
I

i

0.02

o.co

-0.02

-004

Ice Thickness

upper Max Leading Ed[_e Lower Max

-- 42" Tracin_ 44.5 mm (1.75") 0.80 mm f0,03") 44.5 mm (1.75")

36" Tracing 40.9 mm (1.61") 0.80 mm (0.03") 22.4 mm (0.88")

-- 30" Tracing 52.3 mm (2,06") 0.80 mm (0.03") 41,1 mm (1.62")

-006 .................................................

-0.05 o.oo 0.05 0.1o o15 020 0.25

x/c
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Commercial Transport - Run 104

Tt = -12.0°C (10.5°F)
T, = -20°C (4.0°F)

V = 128 m/s (248 kts)
AOA = 1.7 °

LVVC = 0.339 g/m 3

MVD = 15 pm

Spray = 5.9 min
chord = 90 cm (36 in)

Ci.clean= 0.215
Cl-,c,d= 0.211

008

006

004

0,02

0D0

-002

-0.04

Upper Max

-- 42" Tracing

36"Tracin_
30"Tracing

Ice Thickness

Leadin_Edge
102 mm(0.40"I

9.1 mm(0.36")
11.2 mm (0.44")

Lower Max

J306 ; .........................

-005 000 005 0 10 0 15 0.20

)de

0.25

• L,
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Commercial Transport- Run 105

-It = -12.0°C (10.5°F)
Ts = -20°C (-4.0°F)

V = 128 m/s (248 kts)
AOA = 1.7°

LWC = 0.339 g/m 3

MVD = 15 ,um

Spray = 22 min

chord = 90 cm (36 in)

Cl_clean= 0.215
Ct-ic,,d= 0.209

0.08

006

0.£

0.02

ooo!

_).02 L

r

*O.04 i
!

-- 42" Tracin_l

36" Tracin_

30" Tracing

Ice Thickness

upper Max Leadin_l Eddie Lower Max

38.6 mm 11.52")

34.3 mm (1.35")

40.4 mm (1.59")

_}.06 .............................................

,.0.05 0.00 0.05 0 10 0 15 0.20 0.25

x/c
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Commercial Transport- Run 106

Tt = -12.0°C (10.5°F)
T, =-20°C (-4.0°F)

V = 128 m/s (248 kts)
AOA = 0.7 °

LVVC = 0.339 g/m 3

MVD = 15 p.m

Spray = 5.9 min

chord = 90 cm (36 in)

Cd-cl_o= 0.0085
Cd._ = 0.0120

C_-_leao= 0.097

Ci-iced= 0.100

0.08

0.06

0.04 ,

0.02 •

o

000 :

-002

-- 42" Tracing]

36" Tracin_l

30" Tracing

UpperMax
IceThickness
Leading Edge

10,7 mm (0.42")

8.6 mm (0.34")

9.7 mm (0,38")

Lower Max

-004

JJO_ ..................................

-005 0.00 005 0 10 0 15 020 025

x/c
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Commercial Transport - Run 106rl

Tt = -12.0°C (10.5°F)
T, = -20°C (-4.0°F)

V = 128 m/s (248 kts)
AOA = 0.7 °

LWC = 0.339 g/m 3

MVD = 15 p.m

Spray = 5.9 min

chord = 90 cm (36 in)

Cd._,_o= 0.0085
C__,_ = 0.0120

C_,e.o = 0.097

C,.,_ = 0.099

0,08

0.06

004

002

u

0.1_

-O 02

_),04

_0.06

-005 000 0.05

-- 42" Tracing]

36" Tracin_
--- 30" Tracing

upper Max

Ice Thickness

Leadin_l Eddie
9.7 mm (0.38")

8.9 mm (035")

10.2 mm (0.40")

Lower Max

0.10

yJc

0.15 0.20 0.25
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Commercial Transport- Run 107

Tt = -12.0°C (10.5°F)
T, = -20°C (-4.0°F)

V = 128 m/s (248 kts)
AOA = 0.7 °

LWC = 0.339 g/m 3

MVD = 15 Hm

Spray = 22 min

chord = 90 cm (36 in)

Cd-_i_o= 0.0085
C_.,:_ = 0.0163

C,-_,.,o= 0.097

C_ice_= 0.099

0.08

006

0C

002

0.09

-002

-0 04

/

-- 42" Tracing

36" Tracing

30" Tracing

upper Max

Ice Thickness
Lower MaxLeadinB Edge

37.8 mm (1.49")

34.3 mm (1.35")

40.9 mm (1.61")

_).06 ..............................

-0.05 0.00 005 0 10 0 15 020

YJc

0.25
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Commercial Transport- Run 108

T, = -12.0°C (10.5°F)
Ts = -20°C (-4.0°F)

V = 128 m/s (248 kts)
AOA = 0.7 °

LVVC = 0.339 g/m 3

MVD = 15 _m

Spray = 29.3 min

chord = 90 cm (36 in)

C_._.o = 0.0085
Cd.io_= 0.0163

Ci-clean= 0.097

CI-iced= 0.098

O08

0.06

0.04
i
i

0.02 i

u

o.oo i

1

-0-02 -

-0_04 ,

-- 42" Tracing
Upper Max

Ice Thickness

Leading Edge

49.8 mm (196")

46.0 mm (1.81")

56.1 mm (2.21")

Lower Max

F
.006 i

-0.10 -005 000 005 0 10 015 020

X/C
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Commercial Transport - Run 110

T, = -6.33°C (20.0°F)
T, = -14.6°C (5.1°F)

V = 129 m/s (250 kts)
AOA = 1.7 °

LVVC = 0.341 g/m 3

MVD = 21 pm

Spray = 5.7 min

chord = 90 cm (36 in)

Cd-_l_,n= 0.0087
C_.ic_ = 0.0154

Cl_ctean = 0.215

Cl-ice_= 0.201

0.08

OO6

0C

002

0¸(30

_0.02

-004

Ice Thickness

upper Max Leadinc_ Edge

-- 42" Tracing 5.8 mm (.23") 5.6 mm (.22")

Lower Max

7.1 mm (.28")

_36" TracinEJ 6.4 mm (.25") 5.1 mm (20") 5.8 mm (.23")

30" Tracing 7.9 mm (.31") 5.8 mm (23") 84 mm (.33")

-oo6 ......................

_).o5 o oo 005 o lO o 15

x/c

020 025

in

NAS A/TP--2000-210031 143



Commercial Transport - Run 111

Tt = -6.33°C (20.0°F)
Ts = -14.6°C (5.1°F)

V = 129 m/s (250 kts)
AOA = 1.5 °

LWC = 0.341 g/m 3

MVD = 21 _m

Spray = 21.1 min

chord = 90 cm (36 in)

Cd-_e,,= 0.0087
C_-,ced= 0.0288

Cl-_,,,n= 0.203

C_ = 0.196

008

006

0O4

0,02

0,00

_0,02

-0.04

-- 42" Tracing

Ice Thickness

Upper Max Leading Edge Lower M_

35.9 mm (1.42") 27.7 mm (1.09") 36.1 mm (1,42"

33.3 mm(1.31") 28.5 mm (1.12") 31.4 mm (1.24")

36.7 mm (1.45") 29.2 mm (1.15") 34.9 mm (1.38")

_.o6

_.o5 000 0.05 010

x/C

0.15 0,20 0,25

.......
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Commercial Transport- Run 112

T, = -6.33°C (20.0°F)
Ts = -14.6°C (5.1°F)

V = 129 m/s (250 kts)
AOA = 0.7 °

LVVC = 0.341 g/m 3

MVD = 21 pm

Spray = 5.7 min
chord = 90 cm (36 in)

C___l_n= 0.0085
C_.ic_ = 0.0148

C,-clean= 0.097

C_ = 0.096

0.08

0.06

004

0.02

0(30

_).02

-- 42" Tracin_

_36" Tracin_

30" Tracing

Ice Thickness

Upper Max Leading Edge
7.1 mm (28") 41 mm (.16")

6.4mm(25")

7.6mm(.30")

LowerMax
7.6mm(.30")

5.6mm(.22") 7.6mm(.30")

5.1mm(20") 91mm(36")

_]04

-006 .............................
-005 000 005 0.10 015 0.20

x/C

025

'5
E

o

5-

1.2 _ ....

,oi _+c,o.o

0.6 _ . - - ,

0.0 _ , - -

-0.4 ...........

-5.0 0.0 5.0 10.0 15.0

Angle of Attack, deg
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Commercial Transport- Run 113

It = -6.33°C (20.0°F)
T,, = -14.6°C (5.1°F)

V = 129 m/s (250 kts)
AOA = 0.7 °

LVVC = 0.341 g/m 3

MVD = 21 pm

Spray = 42.4 miin

chord = 90 cm (36 in)

C,_-,=_=,n= 0.0085
Cd-,:,_= 0.0209

Cl_clean "" 0.097

C___.,,_,= 0.096

oo8 F

o.o6

o.£

0.02

O.OOL

-002 ,

UDDer Max

71.2 mm (2.80")

Ice Thickness

Leadina EdRe Lower Max

52.1 mm (205") 72.3 mm (2.85")

63.8 mm (2.51") 49.5 mm (1.95") 63.2 mm (2.49")

70.6 mm (278") 60.5 mm (2.38") 71.6 mm (2.82")

-oo4

-o.06 .............................................

-o 10 -005 0.00 005 010 0.15 o,2o

yJc
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Commercial Transport - Run 114

T, = -6.33°C (20.0°F)
Ts = -14.6°C (5.1°F)

V = 129 m/s (250 kts)
AOA = 0.7 °

LVVC = 0.341 g/m 3

MVD = 21 pm

Spray = 28.3 miin

chord = 90 cm (36 in)

C__oj_,= 0.0085
Cd-ioed= 0.0286

C_-cleao= 0.097

Ci-iced= 0.100

008

006

004

0.02

000

-002

-0 04

jJ

i _ 30" Tracing

Ice Thickness

upper Max Leadin 9 Edge Lower Max

48.0 mm (1.89") 42.4 mm (1.67") 47.2 mm (1.86")

41.7mm(1.64") 38.1 mm(1.50") 40.9mm(1.61")

44.5 mm (1.75") 40.9 mm (1.61") 43.9 mm (1.73")

-006 ...................................

4) 10 -005 000 0 05

xJC

010 015 0.20
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Commercial Transport - Run 115

Tt = -6.33°C (20.0°F)
T, = -14.6°C (5.1°F)

V = 129 m/s (250 kts)
AOA = 0.7 °

LVVC = 0.341 g/m 3

MVD = 21 I_m

Spray = 21.1 min

chord = 90 cm (36 in)

C_-c,_n= 0.0085
C_-ic_= 0.0209

CI-deao= 0.097

C_-,_ed= 0.095

008

0.06

0.04

0.02

o

00(1

-0.02 -

I I Ice Thickness [ I
Upper Max Leading Edge Lower Max

30"Tracing I 34.8mm(1.37) 31.8mm(1.25") 36.1mmt1.42" 1

-0.04

-0.06

-005 000 &05 0.10 0.15 020 025

x/C

1.2- ..... ,
i

--=--Clean --e--Iced ! i, -=

1.0 ! I_

.e

8
O

I

-5.0 0.0 5.0 10.0 15.0

Angle of Attack, deg
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Commercial Transport- Run 122

Tt = -1.06°C (29.5°F)
Ts = -9.49°C (14.3°F)

V = 130 m/s (253 kts)
AOA = 1.6 °

LWC = 0.563 g/m 3

MVD = 21 IJ.m

Spray = 4.9 min

chord = 90 cm (36 in)

C_<_,_ = 0.0087
Cd.,,=,_= 0.0280

C_,_.o= 0.208

C___,,_= 0.202

008

006

Q£

0.02

0,00

_).02

Upper Max

17.5 mm (0,69")

16.5 mm (0,65")

17.0 mm (0.67")

Ice Thickness

Leading Edge

4.30 mm (0.17")

380 mm (0.15")

4.10 mm (0.16")

Lower Max

12.4 mm (0.49")

11.4 mm (0.45")

9.9 mm (039")

-004 r

-006 .....................

-005 000 005 010 0 15

X/C

020 0.25
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Commercial Transport - Run 123

"It = -1.06°C (29.5°F)
Ts = -9.49°C (14.3°F)

V = 130 m/s (253 kts)
AOA = 1.6 °

LWC = 0.563 g/m 3

MVD = 21 I_m

Spray = 18.5 miin

chord = 90 cm (36 in)

Cd-_,_an= 0.0087
Cd-io_= 0.0799

Ckclean= 0.208

Cl-_.d= 0.184

008

0.06

0_C_

0.02

000

-002

_.04

-0.06

-010 <105

Ice Thickness

Upper Max Leadina EdA( t L?w_r M{Jx

56.9 mm (2.24") 10.2 mm (0A0") 51.8 mm (2.04")

54.1 mm (2.13")

0.00 0O5 010

x/c

57.2 mm (225")

10.7 mm (0.42") 48.5 mm (191")

11.2 mm (044") 59.2 mm (2.33")

o15 020
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Commercial Transport - Run 124

Tt = -1.06°C (29.5°F)
T, = -9.49°C (14.3°F)

V = 130 m/s (253 kts)
AOA = 0.7 °

LVVC = 0.563 g/m 3

MVD = 21 p.m

Spray = 4.9 min

chord = 90 cm (36 in)

C___,_o= 0.0085
C___ = 0.0269

Ct-_teao= 0.097

Cl-iced= 0.088

0¸(38

006

0.04

002

o

0.00

-0.02

-0 O4

Ice Thickness

upper Max Leadin_l Edge Lower Max

-- 42" Tracin9 15,5 mm (0.61") 4.60 mm (0.18") 14.2 mm (0.56")

_36" Tracin_ 14.5 mm (0.57") 3.60 mm (0.14") 13.2 mm (0.52")

30" Tracing 12.7 mm (0.50") 4.10 mm (0.16") 14.5 mm (0.57")

-oo6 ..................................
-oo5 ooo 005 O.lO o 15 020 025

xJc

6

IE
8
¢,)

1,2 S ....

1.0 : --I- Clean --e-- Iced /

o,; .... :
L '

0.8

0.4

0.2

00l

i
-0.4

-5.0 0,0 5.0 10.0 15.0

Angle of Attack, deg
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Commercial Transport- Run 126

"It = -1.06°C (29.5°F)
T, = -9.49°C (14.3°F)

V = 130 m/s (253 kts)
AOA = 0.6 °

LWC = 0.563 g/m 3

MVD = 21 p.m

Spray = 24.6 min

chord = 90 cm (36 in)

Cd-c,_n= 0.0085
Cd-iced= 0.1422

Cl.clean -" 0.095

Cl-,:_d= 0.072

0.08 •

0.06 1

0,04 -

0.02

0.00 F

_0.02 .

-0,04 !i , _1 --30"Tracing

-006 ..........................................

-0.10 _.05 O00 005 0 10

x/c

Ice Thickness

Upper Max Leadina Edoe Lqwer M_x

77.5 mm (3.05") 11.2 mm IOA4" t 72.6 mm (2.86" 1

66.3 mm (2.61") 14.5 mm (0.57") 64.0 mm (2.52")

76.5 mm (3.01") 15.2 mm (0.60") 72.4 mm (2.85")

0.15 020
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Commercial Transport - Run 127

"It = -1.06°C (29.5°F)
T, = -9.49°C (14.3°F)

V = 130 m/s (253 kts)
AOA = 0.7 °

LVVC = 0.563 g/m 3

MVD = 21 #m

Spray = 18.5 min
chord = 90 cm (36 in)

C,_.d,,,°= 0.0085
C,j.,c_ = O.1398

C+.d,,,o= 0.097

Cl-ic_ = 0.079

008

006

004

0.02

u

0.130

-O.O2

4) 04

J

30" Tracing

4).06 ............................
-0,05 000 005 0 lO 0 15 020 025

xJc

0,8 +

0.0 5.0 10.0

Angle of Attack, deg

15+0
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Commercial Transport - Run 128

Tt = -6.33°C (20.0°F)
T, = -14.6°C (5.1°F)

V = 129 m/s (250 kts)
AOA = 0.6 °

LWC = 0.341 g/m 3

MVD = 21 p.m

Spray = 2.0 min

chord = 90 cm (36 in)

C_-_i,ao= 0.0085
C,_iced= 0.0112

Ci-cl,ao= 0.095

C,-ic_d= 0.098

0.08

0,06

0.04

002

0.00

-0.02

-0.04

Ice Thickness

Upper Max Leading Edge Lower Max

-- 42" Tracing 2.0 mm (.08") 2.5 mm (.10") 2.0 mm (.08")

_36" Tracing 1.8 mm (.07") 2.3 mm (09") 1.5 mm (.06")

30" Tracing 2.0 mm (.08") 2.5 mm (. 10") 1.5 mm (.06")

-0.06 ...............................................
,305 000 0.05 0 10 O. 15 0.20 0.25

X/C

8
(3

=_
..J

1.2l ............ ,- -
--B- Clean ---e-- Iced 7"
F I

1.0 _ _ -

0.8

0.6

o.,
o.2 i/"

oo/-0.2 .

!

-0.4 ............. i ..............

-5,0 0.0 5.0 10,0 15.0

Angle of Attack, deg
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Commercial Transport- Run 129

T, = -1.06°C (29.5°F)
Ts = -9.49°C (14.3°F)

V = 130 m/s (253 kts)
AOA = 0.7 °

LWC = 0.563 g/m 3

MVD = 21 pm

Spray = 2.0 min

chord = 90 cm (36 in)

C_-_,_,n= 0.0085
Cd-,c_= 0.0154

CL-_ean= 0.097

C_.,ce_= 0.092

0.08

006

004

002

u

0(30

-002

J
J

-- 42" TracinQ

36" Tracing

-- 30" Tracing

Upper Max

6.1 mm (24")

4.6 mm (. 18")

48 mm (.19")

Ice Thickness

Leading Edge Lower Max

1.5 mm (.06") 5.1 mm (.20")

1,5 mm (.06") 4.3 mm (,17")

1,5 mm (.06") 5.1 mm (,20")

-0.04 -

-006 ............................
-0.05 o0o 005 0.10 0.15 020 025

x/c

._e

o
0

5-

0.8

0.6

0.4

0.2

0.0

-0.2

-0.4 ..... _ ..............

-5.0 0.0 5.0 10,0 15.0

Angle of Attack, deg
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Commercial Transport - Run 130

T, = 0.33°C (32.0°F)
T, = -8.14°C (16.7°F)

V = 130 m/s (253 kts)
AOA = 0.6 °

LWC = 0.42 g/m 3

MVD = 56 pm

Spray = 18.0 min

chord = 90 cm (36 in)

Cd.clean = 0.0085

C_-icoa= 0.1168

C,.c_,a,= 0.095

Cl-,ced= 0.078

o o8

0 o6

004r

002

i

000 [

-002 -

!
-0 04 L

-- 42" Tracin_l

-- 36" Tracin£1

-- 30" Tracing

Ice Thickness

upperMax
43.9 mm (1.73")

442 mm (1.74")

470 mm (185")

Leading Edge

5 10 mm (0.20")

560 mm (022")

560 mm (0.22")

-o 06 ........................................

-005 ooo 005 OlO o15 020

x/c

Lower Max

384 mm I151"/

36.1 mm (142")

368 mm (1 45")

o 25
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Commercial Transport - Run 131

T, = 0.89°C (33.0°F)
T, = -7.60°C (17.7°F)

V = 130 m/s (253 kts)
AOA = 0.6 °

LVVC = 0.42 g/m 3

MVD = 56 pm

Spray = 18.0 min

chord = 90 cm (36 in)

Cd__, = 0.0085
Cd.ic_ = 0.1027

Cl.c_,,,= 0.095

Cl-ic,,d= 0.082

008

0.06

0.04

0.02

0.0(3

-002

4.04

Ice Thickness

Upper Max Leading Edge

-- 42" Tracin_l 21,6 mm (0.85") 4.80 mm (0.19")

_ 36" Tracing 18,8 mm (0.74") 2.80 mm (0.11")

30" Tracing 178 mm (0.70") 3,60 mm (0.14")

Lower Max

33.0 mm (1.30")

28.2 mm {1.11" /

29.0 mm (1.14")

.006 .........................
-005 000 005 0 10 0 15 020 025

X/C
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Commercial Transport- Run 133

"It = 1.44°C (34.0°F)
T, = -7.07°C (18.7°F)

V = 130 m/s (253 kts)
AOA = 0.5 °

LWC = 0.42 g/m 3

MVD = 56 pm

Spray = 18.0 min

chord = 90 cm (36 in)

Cd.o_,,= 0.0085
Cd-ic_= 0.0251

C_.de,,= 0.093

Cl-iced= 0.083

008

i

0.06 •

0.04

0.02

0.00 •

_.02
!
L

!

_.o6 I

-- 42" Tracin_

36" Tracing

30" Tracing

Ice Thickness

Upper Max Leadin_l Edge

9.10 mm (0.36" / 14.5 mm (0.57")

6.60 mm (0.26") 10,7 mm (0,42")11.4 mm (0.45")

Lower Max

292 mm (1.15")

8,60 mm 10.34"/

-005 0.00 0.05 0.10

XJC

015 0.20 025
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Commercial Transport- Run 141

T, = -9.11°C (15.0°F)
T, = -17.3°C (0.3°F)

V = 128 m/s (249 kts)
AOA = 0.7 °

LVVC = 0.40 g/m 3

MVD = 42 _.m

Spray = 6.7 min

chord = 90 cm (36 in)

Cd__l_o= 0.0085
Cd-ic,_= 0.0177

Ci.clean_-0.097

C,.i_ = 0.091

0.08

0,06

0.04

0.02

0.00

-002

-004

-- 42" Tracin_l

36" Tracin_l

30" Tracing

Upper Max

16.0 mm (0.63")

145 mm (0.57")

15.0 mm (0.59")

Ice Thickness

Leading Edge Lower Max

11.7 mm (0.46") 15.7 mm (0.62")

11.7 mm (0.46") 13.5 mm (0.53")

12.7 mm (0.50") 13.2 mm (052")

_1.06 ...............................

-005 o00 oo5 010 0_15 020

xJc

025

c

o

1.2 - -

1.0 _ --=-'- Clean --e--- Iced +

0.8

0.6

Qo ........, ......
.,/

0.0 _ _ •

-0.2 _

-0.4 ..............

-50 0.0 5,0

Angle of Attack, deg

10.0 15.0
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Commercial Transport - Run 142

"It = -9.11°C (15.0°F)
T, = -17.3°C (0.3°F)

V = 128 m/s (249 kts)
AOA = 0.6 °

LWC = 0.40 g/m 3

MVD = 42 _m

Spray = 2.0 min

chord = 90 cm (36 in)

Cd-_n = 0.0085
Cd_,,_= 0.0127

C_,e,n = 0.095

Cl-_ = 0.087

0.08

0,06

0.04

002

0.00

-0.02

-0.04

-- 42" Tracin_

Ice Thickness
Upper Max LeadingEdge LowerMax

4.1 mm (.16") 3.6 mm (.14") 4.6 mm (.18")

_ 36" Tracing 4.1 mm (.16") 3.3 mm (.13") 3.8 mm (.15")

-- 30"Tracing 4.1 mm(.16") 3.3 mm(.13") 4.3 mm (.17")

-006

-005 O.OO 005 0.10 015 020 0.25

x/c

.e
¢)

E=
O

O

1.2 - -

i +Clean--Iced _

0.8

0.6

o.4_ / ,

0.2 _ -

0.0 -

-0.2

-0.4 ............

-5.0 0.0 5.0 10.0 15.0

Angle of Attack, deg
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Commercial Transport- Run 143

Tt = -1.33°C (29.0°F)
T, = -9.76°C (13.8°F)

V = 130 m/s (253 kts)
AOA = 0.6 °

LVVC = 0.65 g/m 3

MVD = 42 lam

Spray = 5.3 min

chord = 90 cm (36 in)

Cd<le.o= 0.0085
C_._ = 0.0443

Ct..clean= 0.095

C,-ic,d= 0.085

0.08

0.06

OC

0.02

o

000

_302

Ice Thickness

Upper Max Leading Edge

-- 42" Tracin_l 21.6 mm (0.85") 4.60 mm (0.18")

_ 36" Tracina 23.6 mm (0.93") 510 mm (020")

30" Tracing 23.6 mm (0.93") 5.30 mm (O21")

Lower Max

19.1 mm (0.75")

18.8 mm (0.74")

21.6 mm (0.85")

-004

*0.06 ..........................
-005 0.00 005 0 10 0 15 0 20 02,5

X,'C

tE

(J

1.2 - - -

1.0

0.8

0,6

0.4

0.2

0.0-0.2

-0.4 ............

-5.0 0.0 5.0 10.0 15.0

Angle of Attack, deg
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Commercial Transport- Run 144

T_= -3.28°C (25.5°F)
T, = -11.6°C (10.4°F)

V = 130 m/s (253 kts)
AOA = 0.7 °

LVVC = 0.40 g/m 3

MVD = 42 pm

Spray = 3.0 min

chord = 90 cm (36 in)

Cd-_l_n= 0.0085
Cd-iced= 0.0181

Cl_clean"" 0.097
Cl-_ed= 0.093

0.08

0.06

0.02

0.00

-002

_.04

-- 42" Tracin_l

UpperMax
9.1 mm (.36")

Ice Thickness

Leading Edge Lower Max

3.3 mm (.13") 8.1 mm (32")

-- 36" Tracin_l 8.6 mm (.34") 3.3 mm (.13") 7.9 mm (.31")

30" Tracing 9.1 mm (.36") 3.6 mm (.14") 8.1 mm (.32")

-006
-o.o5 000 005 0.10 015 020 025

yJc

.e

o
o

0.0 5.0 10.0 15.0

Angle of Attack, deg
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Commercial Transport- Run 145

Tt = -3.28°C (25.5°F)
T, = -11.6°C (10.4°F)

V = 130 m/s (253 kts)
AOA = 0.7 °

LWC = 0.40 g/m 3

MVD = 42 pm

Spray = 11.2 min

chord = 90 cm (36 in)

Cd_,_,. = 0.0085
Cd._ = 0.0320

C,<,ea. = 0.097

C,__e_= 0.085

008

0.06

0£

002

0.00

-002

Ice Thickness

upper Max Leadin_l Edge Lower Max

--42" Tracin_l 27.7 mm (1.09") 30.0 mm (1,18")

_36"Tracin_l 29.0mm(1,14") 8.90mm(0.35") 27.9mm(1.10")

30"Tracin 9 29.5mm(1.16") 910mm(0.36") 28.2mm(1,11")

-004

-006 .............................

-0,o5 o.oo 005 OlO o15 0.20 025

x/c

.,.,t

==

tJ

1,2

Clean --e-- Iced

1.0

0.8

i
0.6

0,4

0.2

o,o; ___-0,2

-0.4 ....................

-5.0 0.0 5.0 10.0 15.0

Angle of Attack, deg
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Commercial Transport - Run 145m

Tt = -3.28°C (25.5°F)
T, = -11.6°C (10.4°F)

V = 130 m/s (253 kts)
AOA = 0.6 °

LWC = 0.40 g/m 3

MVD = 42 p.m

Spray = 11.2 min

chord = 90 cm (36 in)

Cd-d_n= 0.0085
Cd.,=,_= 0.0301

C_c,,,,,= 0.095

C__,=,_= 0.086

0,08

0,00

0.04

0.02

ODO

-0.02

J 30" Tracing
J Ice Thickness Lower MaxUpper Max I Leading Edge J

269 mm I1.06") J 860 mm (0.34") J 26.2 mm (1.03" t

-0D8 ..............................

-0.05 0.00 0 05 0.10 0 15 0.20 0.25

X/C
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Appendix D4
Test Results, General Aviation
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General Aviation - Run 601

T, = -0.8°C (30°F)
T, = -5.0°C (22°F)

V = 93.0 m/s (180 kts)
AOA = -1.7 °

LWC = 0.54 g/m 3

MVD = 20 pm

Spray = 2.0 min

chord = 90 cm (36 in)

C_-_leao= 0.0099
Cd-,cad= 0.0155

Cl_clean= 0.272

Cl-io., = 0.253

0.08

0.06

0.04

002

o

000

_02

-004 ,

i

L

-006

-0.05

/j j_

J

36" Tracing

....30" Tracing

Maximum Ice Thickness

Upper Lower
3.0 mm (.12") 28 mm (.11")

3.0 mm (.12") 2.8 mm (.11")

0.00 0.05 0.10 0.15 0.20 0.25

x/c

._e

O

2.0 ,- ------ ........

---e-- Clean --e-- Iced i
I

-0.5

-10,0 -5.0

i

i !

0.0 5.0 10.0 15.0 20,0

Angle of Attack, deg
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General Aviation - Run 602

Tt = -0.8°C (30°F)
Ts = -5.0°C (22°F)

V = 93.0 m/s (180 kts)
AOA = -1.7 °

LWC = 0.54 g/m 3

MVD = 20 I_m

Spray = 6.0 min

chord = 90 cm (36 in)

Cd<,_a,= 0.0099
Cd-,o_= 0.0201

C_<_e.0= 0.273

C,-ice_= 0.243

008

0.06

0.04 r

i

002 •

¢J

0.00

4).02

4].04 :

__Maximum Ice Thickness

_ J--36"Tracin_] 9.4UPmP(.r37") 7.6L°w(e.r30'')

0"Tracing 8.6mm(34) 81mm(32)

43.06 ........................

4) 05 0.00 005 0.10 0.15
x/c

020 025

6

.e

o
(J

-05 ......................... _ .....

-10 -5 0 5 10 15 20

Angle of Attack, deg
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General Aviation - Run 602m

TI = -0.8°C (30.0°F)
T, = -5.0°C (22.0°F)

V = 93.0 m/s (180 kts)
AOA = -1.7 °

LVVC = 0.54 g/m 3

MVD = 20 _m

Spray = 6.0 min
chord = 90 cm (36 in)

0.08 r

0,06_

0.04

002

0.00

_102

-004

-0.06 l

-0.05

Maximum Ice Thickness

Upper Lower

-- 30" Tracing 9.9 mm (.39") 8.9 mm (.35")

0.00 0.05 0.10

xJc
0.15 0.20 0.25

7 r, _i _!:_ i 2 3 4
I ! _ t !
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General Aviation - Run 603

T, =-0.8°C (30.0°F)
T, = -5.0°C (22.0°F)

V = 93.0 m/s (180 kts)
AOA = -1.7 °

LWC = 0.54 g/m 3

MVD = 20 }Jm

Spray = 22.5 min

chord = 90 cm (36 in)

Cd-_n = 0.0099
C_.ic_ = 0.0466

Ci-o_e.n= 0.274

C___e_= 0.221

0.08

0.06

004

0.02

0.00

-0.02

-004

J

Maximum Ice Thickness

_, f I I Upper I Lower

\ / Im36" Tracing 125.7 mm(1.01")i 25.7 mm (1.01")

/ I - 30" Tracin_1128.4 mm (1.12") 27.4 mm (1.08")

-006 -- '

-005 000 0 05 0 10 0.15 0.20

x/c

Z 3 4 :$:

.,.t
c
._o

o
o

..i

2.0

Clean --e-- Iced

15. j,,_-__
1.0 + I ........ *_ -

0.5

0,0 -- --'

-0.5 .... d . . ,

-10.0 -5.0 0.0 5.0 10.0

Angle of Attack, deg

15,0 20.0
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General Aviation - Run 606

T, = -5.9°C (20.8°F)
T, = -10.0°C (13.4°F)

V = 93.0 m/s (180 kts)
AOA = -1.7 °

LWC = 0.43 g/m 3

MVD = 20 _m

Spray = 2.0 min

chord = 90 cm (36 in)

Cd.clean= 0.0099
Cd._ = 0.0124

Cl-:lean= 0.274

CI-iced= 0.258

0.08

0.06 :

!

0.04 .

!
I

o_o2F

0,00

-0.02

F

-0.04 ;
i

J

m 36" Tracing

-- 30" Tracing

Maximum Ice Thickness
LowerUpper

2.3 mm (.09") 2.5 mm (.10")

2.5 mm (.10") 3.8 mm (.15")

4).06
-0.05 0.00 0.05 0.10 0.15 020 0.25

x/C

.e
¢J

O
(J

2.0
i
" ---m--- Clean ---e-- Iced

1.0
i

0.54

-0.5

-10 -5 0 5 10

Angle of Attack,, deg

15 20
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General Aviation - Run 607

Tt = -5.9°C (20.8°F)

Ts = -10.0°C (13.4°F)

V = 93.0 m/s (180 kts)
AOA = -1.7 °

LWC = 0.43 g/m 3

MVD = 20 pm

Spray = 6.0 min

chord = 90 cm (36 in)

C___o = 0.0099

Cd_,_ = 0.0158

C,<,eao= 0.274

C,.,=d = 0.253

008

006

0.04

0.02

O00

36" Tracing

30" Tracing

Maximum Ice Thickness

Upper Lower
7.6 mm (.30") 8.9 mm (.35")

7.9 mm (.31") 9.4 mm (.37")

_02

-005 0D0 005 010 015

xJc

020 0,25

2.0 ....

Clean _ Iced

E

0

05

-0.5

-10.0 -5.0 0.0 5.0 10.0

Angle of Attack, deg

15.0 20,0
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General Aviation - Run 608

Tt = -5.9°C (20.8°F)
T, = -10.0°C (13.4°F)

V = 93.0 m/s (180 kts)
AOA = -1.7 °

LWC = 0.43 g/m 3

MVD = 20 p.m

Spray = 22.5 min

chord = 90 cm (36 in)

Cd-d_,n= 0.0099
Cd-+c,_= 0.0241

C,-_,e.o= 0.275

C,-+ced= 0.244

0.08

006

004

002

000

-0.02 F

-0.04

Maximum Ice Thickness

Upper Lower
29.2 mm (1.15") 29.0 mm (1.14")

32.5 mm (1.28") 32.8 mm (1.29")

-006

-005 000 005 010
x/c

015 0.20 (

2.0-

Clean --e-- Iced

1.5

0.0 =

_.5_ ..............
-10.0 -5.0 0.0

, , q

5.0 10.0 150 20.0

Angle of Attack, deg
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General Aviation - Run 609

T, = -11.0°C (11.7°F)

T, = -15.0°C (4.4°F)

V = 93.0 m/s (180 kts)
AOA = -1.7 °

LWC = 0.33 g/m 3

MVD = 20 _tm

Spray = 2.0 min

chord = 90 cm (36 in)

C__c,_o = 0.0099

C,.ic_ = 0.0126

C,-=,ean= 0.272

C,-ice_= 0.258

008

006

004

002

000

-002

4304

jJ

-- 36" Tracing
30" Tracing

Maximum Ice Thickness
LowerUpper

1.5 mm (.06") 1.8 mm (.07")
2.0 mm (.08") 2.3 mm (.09")

.006 ........................

-005 0.00 005 010 0.15 020

x/c

025

2.0

--i-Clean--o--Iced

0.0

_i!ii!L i _ _:':!i:i_ii _!:i_i ¸

-0,5 t

-10.0 -5.0 0.0 5.0 10,0

Angle of Attack, deg

15.0 20.0
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General Aviation - Run 610

Tt = -11.0°C (11.7°F)
T, = -15.0°C (4.4°F)

V = 93.0 m/s (180 kts)
AOA = -1.7 °

LWC = 0.33 g/m 3

MVD = 20 tam

Spray = 6.0 min

chord = 90 cm (36 in)

C_-:l_n = 0.0099
C__ic_= 0.0147

CI-cl.an= 0.268

C_-,=ed= 0.253

008

0.06

004

0.02

0.00

-0.02

-0.04

m 36" Tracin 9

30" Tracing

Maximum Ice Thickness
LowerUpper

4.6 mm (.18") 5.1 mm (.20")

4.8 mm (.19") 5.6 mm (.22")

-0.06 .....

-005 0.00 0.05 0.10 0.15 020 025

x/C

E

O

_J

20, -- !

" + Clean _ iced

!
I

1.5 i

1.0 i

r

0.5

L

-0.5 =

-10.0 -5.0 0.0 5.0 10.0

Angle of Attack, deg

i

15,0 20.0
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General Aviation - Run 611

T, = -11.0°C (11.7°F)
T, = -15.0°C (4.4°F)

V = 93.0 m/s (180 kts)
AOA = -1.7 °

LWC = 0.33 g/m 3

MVD = 20 _m

Spray = 22.5 min
chord = 90 cm (36 in)

Cd-_,_o= 0.0099
Cd_,_ = 0.0192

Cl-_e,n= 0.272

Ct-i,e_= 0.242

0.08

006

OO4

002

o
3.

000

4302

_)04

2,, Tracing

racing

Maximum Ice Thickness

Upper
19,1 mm (.75")

Lower

22.4 mm (.88")

18.5 mm (.73") 22.1 mm (87")

4305 000 005 010

x/c

0 15 0 20 0.25

e
O
O

-I

2.0 -

+ Clean + Iced

1.5

0.0

-0.5 , .... _ .... _ ..............

-10.0 -5.0 0.0 50 10.0 15.0 20.0

Angle of Attack, deg
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General Aviation - Run 612

Tt = -5.9°C (20.8°F)
Ts = -10.0°C (13.4°F)

V = 93.0 m/s (180 kts)
AOA = -1.7 °

LWC = 0.56 g/m 3

MVD = 15 p.m

Spray = 2.0 min

chord = 90 cm (36 in)

Cd-d,,,,n= 0.0099
Cd-,:,,d= 0.0121

Cl-_,,,o= 0.272
C)-ic_= 0.257

008

0.06

0 04

0,02

u

000

_.02 L

-004

MaximumIceThickness
Upper Lower

m 36"Tracing 2.3 mm(.09") 2.8 mm(.11")
30"Tracin9 2.5 mm (.10") 3.0 mm (.12")

_2.05 0.00 005 010 015 020

x/C
025
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General Aviation - Run 612r

Tt = -5.9°C (20.8°F)

T, =-10.0°C (13.4°F)

V = 93.0 m/s (180 kts)

AOA = -1.7 °

LVVC = 0.56 g/m 3

MVD = 15 p.m

Spray = 2.0 min

chord = 90 cm (36 in)

C_<_,,,0= 0.0099

Cd_ic_ = 0.0124

C___l_n= 0.272

Cl__ed= 0.261

008

006

004

0.02

o

000

4302

-004

36" Tracing

-- 30" Tracing

Maximum Ice Thickness
LowerUpper

2.5 mm (.10") 3.0 mm (.12")

2.8 mm (.11") 3.8 mm (.15")

4306

-0.05 0 O0 0.05 0.I0

x/C

015 020 0 25

2.0 _

--- Clean -*- Iced

.a.,

.i
u

O
O

=_

-0.5

-10.0 -5,0 0.0 5.0 10.0 15.0 20,0

Angle of Attack, deg
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General Aviation - Run 613

Tt = -5.9°C (20.8°F)

T, = -10.0°C (13.4°F)

V = 93.0 m/s (180 kts)
AOA = -1.7 °

LWC = 0.56 g/m 3

MVD = 15 pm

Spray = 6.0 min

chord = 90 cm (36 in)

Cd-d.. = 0.0099
Cd-ioed= 0.0146

Cl_clean - 0.273

Cl-_c_d= 0.239

u

0.08

i

0.06-

0.04.

F
0.02 i

0,00 i

-0.02 i

-004 _

-006
-0.05

JJ

-- 36" Tracing

30" Tracing

Maximum Ice Thickness

Upper Lower
8.4 mm (.33") 9.9 mm (.39")

8.9 mm (.35") 10.7 mm (.42")

0,00 005 010
x/C

0.15 0.20 0.25

.O

O

iii!iFi!iiiiiiiii! _

6 ?ri ; :
_v

II IIII........ @i ;

0.0 5.0 10.0

Angle of Attack, deg

15.0 20.0
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General Aviation - Run 621

"It = -2.8°C (26.4°F)

T, = -5.0°C (22.4°F)

V = 66.9 m/s (130 kts)
AOA = 0.4 °

LWC = 0.54 g/m 3

MVD = 20 pm

Spray = 2.0 min

chord = 90 cm (36 in)

C_.c,,,o = 0.0105

Cd_,_ = 0.0153

C_..:,,,,,o= 0.483

C,_ced= 0.453

008

006

004

002

o

O00

-002

-- 42" Tracin£1

m 36" Tracing

30" Tracing

Maximum Ice Thickness
LowerUpper

2.0 mm (.08") 2.0 mm (.08")

2.0 mm (.08") 2.3 mm (.09")

2.3 mm (.09") 1.8 mm (.07")

-004

-0.06 .............

-0.05 000 0.05 0 10

x/c

015 020 025

,w"

._e

0
O

2.0 -- -
[

--m-Clean--e--Iced

0.0 -

-0,5

-10,0 -5,0 0.0 5.0 10.0

Angle of Attack, deg

15.0 20.0
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General Aviation - Run 621 m

"It = -2.8°C (26.4°F)
T, = -5.0°C (22.4°F)

V = 66.9 m/s (130 kts)
AOA = 0.4 °

LVVC = 0.54 g/m 3

MVD = 20 p.m

Spray = 2.0 min
chord = 90 cm (36 in)

008

O06

I
i

004 i

0,02

u

0.00

4).02

-0,04

fJ

J

f 30" Tracing

-006:

0.00 005 0,10 0.15 0.20 025

x/C
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General Aviation - Run 622

Tt = -2.8°C (26.4°F)
T, = -5.0°C (22.4°F)

V = 66.9 m/s (130 kts)
AOA = 0.3 °

LWC = 0.54 g/m 3

MVD = 20 pm

Spray = 6.0 min
chord = 90 cm (36 in)

C__o_n= 0.0105
C___ = 0.0202

Ci.clean= 0.463

C,-,=ed= 0.418

008

0.06

0.04 -

0.02

u

000

02

_04

f -47::Tracin 
_r / m 36 Tracing

30 Tracing

Maximum Ice Thickness

Upper Lower
8.4 mm (.33") 5.1 mm (.20")

8,4 mm (.33") 5.1 mm (.20")

8.9 mm (.35") 6.1 mm (.24")

_)06

05 000 005 0.10

YJc

0 15 0 20 0.25

O

,.J

2.0

--B--Clean--e-Iced

1'.5

0.0 -

-0.5 .....

-10,0 -5.0

' i

0.0 5.0 10.0

Angle of Attack, deg

15.0 20.0
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General Aviation - Run 622r

-It = -2.8°C (26.4°F)
T, = -5.0°C (22.4°F)

V = 66.9 m/s (130 kts)
AOA = 0.3 °

LVVC = 0.54 g/m 3

MVD = 20 _tm

Spray = 6.0 min

chord = 90 cm (36 in)

C___o = 0.0105
Cd__ = 0.0204

Cl-_le,n = 0.461

C_,,ed= 0.425

0.08

i
i

0.06 •

[

0.04 -

0.02 ,

u

i

i
0,00 i

i
I

-002

-0.04

jJ

Maximum Ice Thickness

,,i _ , Upper Lower
' " . m(32). " 4.8mm(.19")

-0,06

-0 05 090 005 0 10 015 020 025

X/C

0

.J

2.0

O.5 I

-0.5

-10,0 -5,0 0.0 5.0 10.0

Angle of Attack, deg

15.0 20.0
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General Aviation - Run 622r2

Tt = -2.8°C (26.4°F)

Ts = -5.0°C (22.4°F)

V = 66.9 m/s (130 kts)

AOA = 0.3 °

LVVC = 0.54 g/m 3 C_:,=o = 0.0105

MVD = 20 _m Cd-,c_ = 0.0204

Spray = 6.0 min C,__,e_= 0.479

chord = 90 cm (36 in) C,-,:ed= 0.440

0.08

0.06

0.04

002

-002

4}.04

_J

J
J

f Maximum Ice Thickness

,, Upper Lowerm36 Tracing 8.9 mm (.35") 5.1 mm (.20")

/I/ 30" Tracing 9.4 mm (.37") 5.1 mm (.20")

4.06

-005 0(30 005 0.10 015 020

X/C

0,25

2.0

i---Clean---Iced
i
L

=.,

0

.=_,

"_:_:" i_ : ........

-0.5 .......

-10.0 -5.0 0.0 5D 10.0

Angle of Attack, deg

15.0 20.0
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General Aviation - Run 622m

"It = -2.8°C (26.4°F)
T, = -5.0°C (22.4°F)

V = 66.9 m/s (130 kts)
AOA = 0.3 °

LWC = 0.54 g/m 3

MVD = 20 pm

Spray = 6.0 min
chord = 90 cm (36 in)

008

006

004

!

0,02

u

0.00

-002

-0.04

J

,f 30" Tracing

-0.06

-005 000 0.05 010 015 020 025

X/C
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General Aviation - Run 623

Tt = -2.8°C (26.4°F)

T, = -5.0°C (22.4°F)

V = 66.9 m/s (130 kts)

AOA = 0.3 °

LWC = 0.54 g/m 3

MVD = 20 p.m

Spray = 22.5 min

chord = 90 cm (36 in)

Cd.clean "" 0.0105
C_-,ce_= 0.0459

C_<_,o= 0.460

C_-ic_= 0.401

0.08

0.06

004

0.02

0.00

_0.02

-004

-- 42" Tracing

m 36" Tracing

30" Tracing

Maximum Ice Thickness

Upper Lower
27.4 mm (1.08"1 24.4 mm (0.96")

25.4 mm (1.00"1 22.1 mm (0.87")

27.7 mm (1.09"1 24.4 mm (096")

-0.06

405 000 0.05 0 10 0 15 020

x/c

o2

o
o

E

0

-1

2,0 -

' -_-- Clean --e-- Iced

1.5 --
1,0

0.5

0.0

=

-05

-10.0 -5.0 0.0 5.0 10.0 15.0 20.0

Angle of Attack, deg
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General Aviation - Run 623m

T, = -2.8°C (26.4°F)
T, = -5.0°C (22.4°F)

V = 66.9 m/s (130 kts)
AOA = 0.3 °

LWC = 0.54 g/m 3

MVD = 20 pm

Spray = 22.5 min

chord = 90 cm (36 in)

0.08 1
I
i
t

006 •

OO4

0.02

1

0,_ L

-0.02

-0,04

j
J

30" Tracing

-006 ..................

-0,05 0,00 0,05 010

X/C

015 0.20 0.25
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General Aviation - Run 625

"1-,= -7.8°C (17.3°F)
T, = -10.0°C (13.4°F)

V = 66.9 m/s (130 kts)
AOA = 0.3 °

LWC = 0.66 g/m 3

MVD = 40 _m

Spray = 0.9 min

chord = 90 cm (36 in)

C___l_n= 0.0105
Cd.ic_ = 0.0152

Cl-_,_an= 0.475

C_-iced= 0.447

008

006

0 04

002

u

0.00

-002

-004

Maximum Ice Thickness

Upper Lower
i m " . . ' 1.5mm (.06")

-006 ....................

-005 0.00 0.05 010

xJc

0.15 0.20

÷ .

025

2.O--

Clean --e-- Iced

1.5 +

1.0

c
.__

__ 0.5
..I

0.0

-0.5

-10.0 -5.0 0.0 5.0 10.0

Angle of Attack, deg

15.0 20.0
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General Aviation - Run 626

T, = -7.8°C (17.3°F)
T, = -10.0°C (13.4°F)

V = 66.9 m/s (130 kts)
AOA = 0.3 °

LWC = 0.44 g/m 3

MVD = 20 IJm

Spray = 2.0 min
chord = 90 cm (36 in)

Cd-c_,_n= 0.0105
Cd__,_= 0.0142

C_<jeao= 0.476

Cj-iced= 0.451

0.08

0.66

0.04

0.02

0,00

-0.02

36" Tracing;

Maximum Ice Thickness

Upper Lower
1.8 mm (.07") 1.5 mm (.06")

-006

-0.05 000 0.05 010 015 0.20 025

xJc

! + Clean --e-- Iced

I

0.0

F

-0.5

-10.0 -5,0 0,0 5.0 10.0

Angle of Attack, deg

15.0 20,0
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General Aviation - Run 627

Tt = -7.8°C (17.3°F)
Ts = -10.0°C (13.4°F)

V = 66.9 m/s (130 kts)
AOA = 0.3 °

LWC = 0.44 g/m 3

MVD = 20 pm

Spray = 5.9 min

chord = 90 cm (36 in)

C,._,,,,n= 0.0105
Cd.,c_= 0.0169

C_,,o = 0.462

C,_ic,,d= 0.433

008

0.04

002 -

i

000 ,

-- 42" Tracing

m 36" Tracing

30" Tracing

Maximum Ice Thickness
LowerUpper

6.1 mm (.24")

-002

-0.04 .

-0.06

_105 000 005 0 10

x/C

015 020 02

2.0

1.5

1.0
e.
o

U

05
.-I

0.0

t

-0.5

Clean --e-- Iced

i i

-10.0 -5.0 0.0 5,0 100

Angle of Attack, deg

15.0 200
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General Aviation - Run 627r

Tt = -7.8°C (17.3°F)
T, = -10.0°C (13.4°F)

V = 66.9 m/s (130 kts)
AOA = 0.3 °

LWC = 0.44 g/m 3

MVD = 20 _Jm

Spray = 5.9 min

chord = 90 cm (36 in)

C_-cl_o= 0.0105
Cd.,:_ = 0.0167

Cl..,:,,,,,,_= 0.478

C_i_d= 0.443

0.08

0.06

0,04

0,02

000

-0.02

-0.04

J

Maximum Ice Thickness

I ,, Upper Lower

/_/ I m 36,,Tracing 5.3 mm (.21") 6.4 mm (.25")
" , 6.4 mm (.25") 6.4 mm (.25")

-0,06 ! ...............................................

-0.05 000 005 0 10 0 15 0.20 0.25

x/c

2.0-- i ....

!
--m-Clean--e--Iced

F

!
-0.5 ,

-10.0 -5.0 0.0 5.0 10.0 15.0 20.0

Angle of Attack, deg

190 NAS A/TP--2000-210031



General Aviation - Run 627r2

T, = -7.8°C (17.3°F)
T, = -10.0°C (13.4°F)

V = 66.9 m/s (130 kts)
AOA = 0.3 °

LVVC = 0.44 g/m 3

MVD = 20 IJm

Spray = 5.9 min
chord = 90 cm (36 in)

Cd-=,_n= 0.0105
Cd-ic_ = 0.0172

C__c,_n= 0.476

Cj-,ced= 0.435

0.08

0.06

0.04

002

u

000

-0 02

-0 04

____1 _ _ T¢a Maximum Ice ThicknessUpper Lower
cin_ 5.3 mm (.21") I 5.1 mm (.20")

.1 mm (.24)

-006 ..................................

_.05 000 005 0.10 0 15 020 025

x/c

2.0 - _.

--m-Clean --_- Iced

L
i

i

-o.5 4 . .
-10.0 -5.0 0.0 5.0 10.0

Angle of Attack, deg

15.0 20.0
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General Aviation - Run 627m

"It = -7.8°C (17.3°F)
T, = -10.0°C (13.4°F)

V = 66.9 m/s (130 kts)
AOA = 0.3 °

LWC = 0.44 g/m 3

MVD = 20 _tm

Spray = 5.9 min

chord = 90 cm (36 in)

0.08

i
0,06

0.04 !

I

002 )

u

0.00

-0,02

-0.04

J

J

Y 30" Tracin9 _

Maximum Ice Thickness

Upper I Lower5.8 mm (.23") 5.6 mm (.22")

43.00 ..........

-005 000 0.05 0 10 0.15

x/c
020 0,25

ii!ii : iil ii)_iii!_i!i_i

_,_ 'i,)iii'
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General Aviation - Run 628

T, = -7.8°C (17.3°F)
T, = -10.0°C (13.4°F)

V = 66.9 m/s (130 kts)
AOA = 0.3 °

LWC = 0.44 g/m 3

MVD = 20 pm

Spray = 22.0 min
chord = 90 cm (36 in)

Cd-_,ao= 0.0105
Cd-iced= 0.0272

C_<,e,o= 0.474

C_._ = 0.428

008

c)

006

004

002

000-

-0 02

-004

J
J

Maximum Ice Thickness

Upper I Lower

, -- 36" Tracing 23.4 mm (.92") 121.3 mm (.84")

-006 .......................

-005 000 005 0 10 0 15 0,20

x/C

025

U

2.0

+ Clean + Iced

1.5

1.0

0.5 i

0.0

-0.5

-10.0 -5.0 0.0 5.0 10.0 15.0 20.0

Angle of Attack, deg
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General Aviation - Run 629

Tt = -12.9°C (8.2°F)
Ts =-15°C (4.4°F)

V = 66.9 m/s (130 kts)
AOA = 0.3 °

LVVC = 0.44 g/m 3

MVD = 20 _m

Spray = 1.4 min

chord = 90 cm (36 in)

C__=j_,= 0.0105
Cd.,c_= 0.0131

C_c,=,o= 0.470

C,_k:e_= 0.447

008

0.08

0.04

0.02

0.00

-0.02

_I.04

Maximum Ice Thickness

Upper Lower
m36" Tracing] 1.3 mm (.05") 1.3 mm (.05")

30" Tracing 1.3 mm (.05") 1.3 mm (.05")

-0.05 O00 005 0.10 0 15 0.20 0.25
x/c

20 F 7-_ ........
--=--Clean--e--Iced

1.5!

F
)

O0

-0.5 ........ _ ......

-10.0 -5.0 0.0 5.0 10.0

Angle of Attack, deg

15.0 20.0

194 NASA/TP---2000-210031



General Aviation - Run 630

Tt = -12.9°C (8.2°F)

Ts = -15.0°C (4.4°F)

V = 66.9 m/s (130 kts)

AOA = 0.3 °

LVVC = 0.44 g/m 3

MVD = 20 }_m

Spray = 4.1 min

chord = 90 cm (36 in)

Cd.clean -" 0.0105
Cd-,c_= 0.0154

Cl-_l.an= 0.467

C,._e_= 0.437

008

006

OO4

002

o

000

_)02

-0 O4

J
J

m 36" Tracing

30" Tracing

Maximum Ice Thickness

Upper Lower
3.6 mm (.14") 4.1 mm (.16")

3.6 mm (.14") 3.6 mm (.14")

-006 .................

-005 0 00 005 0.10

x/c

0.15 0.20 025

!!iiii_

"5

E=

O

2.0 _ •

: -iP- Clean ---o--Iced

1.5 ÷

0.5

0.0

_0.5 .....

-1Q0 -5.0 0.0 5.0 10.0

Angle of Attack, deg

15.0 20.0
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General Aviation - Run 631

T, = -12.9°C (8.2°F)
T, = -15.0°C (4.4°F)

V = 66.9 m/s (130 kts)
AOA = 0.3 °

LWC = 0.44 g/m 3

MVD = 20 pm

Spray = 15.3 min

chord = 90 cm (36 in)

Cd._o = 0.0105
Cd-,c,_= 0.0207

C_<l_n= 0.469

Cl__ = 0.433

0.08

0.06

0.04

0.02

0.00

-0.02

-0.04

_).06

-0 05

J

Maximum Ice Thickness
,, Upper Lower

/"-" f --36 Tracing I 14.0 mm (0.551') 16.3 mm (0.64")
' ' . . ') 16.0 mm (0.63")

0.(30 0.05 010 015 020 025

x/C

"B

O
O

.J
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General Aviation - Run 632

"It = -7.8°C (17.3°F)

T, = -10.0°C (13.4°F)

V = 66.9 m/s (130 kts)
AOA = 0.3 °

LWC = 0.60 g/m 3

MVD = 15 #m

Spray = 2.0 min

chord = 90 cm (36 in)

Cd-_,_o= 0.0105
Cd-ic_ = 0.0125

Cl_ctean = 0.471

C_-i_ed= 0.454

0.08

006

004

002

u

0.00

_0.02

-0.04

36" Tracing

30" Tracing

Maximum Ice Thickness

Upper Lower

1.3 mm (.05") 1.8 mm (.07")
2.0 mm (08") 2.5 mm (.10")

4106

-0 05 000 005 010

xJc

015 0.20 025

8
(.}

.=J

2,0 -

i

Clean --*--Iced

1.5 _

i

-0.5 -

-100 -5.0 0.0 5,0 10.0

Angle of Attack, deg

15.0 20.0
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General Aviation - Run 633

T, = -7.8°C (17.3°F)
T, =-10.0°C (13.4°F)

V = 66.9 m/s (130 kts)
AOA = 0.3 °

LWC = 0.60 g/m 3

MVD = 15 pm

Spray = 6.0 min

chord = 90 cm (36 in)

C_-_,an= 0.0105
C,-iced= 0.0151

C,-c,,,n= 0.472

C_iced= 0.439

0,08

0.06

0.04

0.02

0.00

1

-0,02

-- 42" Tracing

36" Tracing

-- 30" Tracing

Maximum Ice Thickness

Upper Lower
6.4 mm (.25") 6.1 mm (.24")

5.1 mm (.20") 5.8 mm (.23")

6.9 mm (.27") 7.4 mm (.29")

-0.04

-0,06

-0.05 000 0,05 010

X/C

0 15 020 02

¢,.
e

-I

1.0

i

-0.5

-10.0 -5.0

I

i

0.0 5.0 10,0 15.0 20.0

Angle of Attack, deg
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General Aviation - Run 633m

Tt = -7.8°C (17.3°F)
T, = -10.0°C (13.4°F)

V = 66.9 m/s (130 kts)
AOA = 0.3 °

LWC = 0.60 g/m 3

MVD = 15 pm

Spray = 6.0 min
chord = 90 cm (36 in)

008

0.06

004

0.02

000

-002

-004

J
J

j_
J

L

MaximumIceThickness
Upper Lower

32" Tracing 6.4 mm (.25") 5.6 mm(.22")

-0.06 ................................

-005 0.00 005 0kl0 0.15 020 025

x/c
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General Aviation - Run 641

"it = -7.8°C (17.3°F)

T, =-10.0°C (13.4°F)

V = 66.9 m/s (130 kts)
AOA = -1.7 °

LWC = 0.44 g/m 3

MVD = 20 #m

Spray = 2.0 min

chord = 90 cm (36 in)

Cd-_l_.n= 0.0092
C_-ic_= 0.0108

Cl_clean = 0.263

C,-ic.d= 0.248

0.08

0.06

0.04

0,02

0.00

43.02 r

-0.06

-0.05

J

J

0.00 005

m 36" Tracing

- 30" Tracing

Maximum Ice Thickness
Upper Lower

1.8 mm (.07") 2.0 mm (.08")
2.0 mm (.08") 2.0 mm (.08")

0.10

X/C

0.t5 0.20 025

e.

O
O

2.0

l-.-=--Clean--e--lced
i

-o.5_--i
-10.0 -5.0

J

0.0 5.0 10.0 15.0

Angle of Attack, deg

20.0
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General Aviation - Run 642

T, =-7.8°C (17.3°F)

T, = -10.0°C (13.4°F)

V = 66.9 m/s (130 kts)
AOA = -1.7 °

LVVC = 0.44 g/m 3

MVD = 20 _m

Spray = 5.9 min

chord = 90 cm (36 in)

Cd.o_n = 0.0092
Cd-,c_= 0.0154

Cl_clean -- 0.255

Cl-_ed= 0.233

0.08

0.06

004

002

u

0.00

-002

-O04

jJ

J

m 36" Tracing

30" Tracing

Maximum Ice Thickness
LowerUpper

5.1 mm (.20") 5.6 mm (.22")

5.1 mm (.20") 5.8 mm (.23")

-0 06 ..............

-005 000 005 0 10

xJc

015 020 025

'3

_E

fO

2.0

O0

-0.5

-10.0 -5.0 0.0 5.0 10.0

Angle of Attack, deg

15,0 20.0
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General Aviation - Run 643

It = -7.8°C (17.3°F)
T, = -10.0°C (13.4°F)

V = 66.9 m/s (130 kts)
AOA = -1.7 °

LWC = 0.44 g/m 3

MVD = 20 Hm

Spray = 22.0 min

chord = 90 cm (36 in)

C___l,,o= 0.0092
C__,c_= 0.0241

Cl-c,,,n= 0.267
C,_ = 0.229

008

0.06

0.04

0.02

o

0.017

_)02 -

-0.04

-006

lJJ
/

36" Tracing

30" Tracing

Maximum Ice Thickness

Upper Lower
22.4 mm (0.88") 21.6 mm (0.85")

22.1 mm (0.87")'22.1 mm (0.87")

0.00 0.05 0.10

xJc

015 0.20 0.25

e-
0
'3
E
8
0

¢_
-I

2.0

0.0

-0.5 + I

-10.0 -5.0 0.0 5.0 10,0

Angle of Attack, deg

15.0 20,0
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General Aviation - Run 644

T, = -7.8°C (17.3°F)
Ts = -10.0°C (13.4°F)

V = 66.9 m/s (130 kts)
AOA = 2.4 °

LWC = 0.44 g/m 3

MVD = 20 #m

Spray = 2.0 min
chord = 90 cm (36 in)

Cd.clean = 0.0123
Cd-ic.d= 0.0152

Cj_c_e,o= 0.655

Cl-ic_ = 0.619

0.08

0.(:6

0,04

0,02

o

000

-002

-0 04

m 36" Tracing

30" Tracing

Maximum Ice Thickness

Upper Lower
1.8 mm (.07") 2.0 mm (.08")

2.0 mm (.08") 2.0 mm (.08")

_000

-0,05 O00 005 0 10

x/C

0 15 0.20 0.25

2.0 -

.--_-Clean--o--Iced

-0.5 .....

-10.0 -5.0 0.0 5.0 10,0

Angle of Attack, deg

15.0 20.0
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General Aviation - Run 645

"It = -7.8°C (17.3°F)
T, =-10.0°C (13.4°F)

V = 66.9 m/s (130 Ms)
AOA = 2.4 °

L_ = 0.44 g/m 3

MVD = 20 _m

Spray = 5.9 rain

chord = 90 cm (36 in)

C,_cl_o= 0.0123
C,__ = 0.0189

C,-c_ea.= 0.665

C,-ic.d= 0.606

0_

0_

0.02

000

-0.02

-0._

-0._

MaximumIceThickness
, Upper Lower

36'Tracing mm (.22") 5.3 mm (.21")i 5.6

m (24') 61mm(24)

_,05
0,00 0.05 0.10 015 0,20

X/C

0.25

._O

U

1.0

0.5 t

0.0

F

-0.5 _ ....

-10,0 -5.0 0.0 5.0 10.0

Angle of Attack, deg

15.0 20.0

204 NASA/TP--2000-210031



General Aviation - Run 645m

Ti = -7.8°C (17.3°F)

Ts = -10.0°C (13.4 °F)

V = 66.9 m/s (130 kts)

AOA = 2.4 °

LVVC = 0.44 g/m 3

MVD = 20 him

Spray = 5.9 min

chord = 90 cm (36 in)

0.08

OO6

0.04

0.02

000

4302

4).04

J

32" Tracing

I

Maximum Ice Thickness

Upper Lower
7.1 mm (.28") 6.6 mm (.26")

4),06 ......

-0 05 0,00 0.05 010 0 15 0.20 0.25

xJC

• <+ 7 30 ! z _

el4
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General Aviation - Run 646

Tt = -7.8°C (17.3°F)
T, = -10.0°C (13.4°F)

V = 66.9 m/s (130 kts)
AOA = 2.4 °

LVVC = 0.44 g/m 3 C,_._,o= 0.0123

MVD = 20 p.m Cd-,:,_= 0.0302

Spray = 22.0 min C_._,,,,o= 0.659

chord = 90 cm (36 in) C_,ced= 0.602

0.08 ,

006

0.0,4

002 F

u

i
000

i

-0.02 i

-0.04 i

i
_.06

-0,05

Maximum Ice Thickness, Upper I Lower
m36' Tracing 22.6 mm (0.89")119.8 mm (0.78")

' , , i . . it)

0.00 0.05 0.10 015 0.20 0.25

x/c

2.0
I
r + Clean --e-- Icedi

15!

tJ

.¢3_
,=1

-0.5

-10,0 .5.0 ¸

I I
, !
I

, , i .... i ....

0.0 5.0 10.0 15.0 20.0

Angle of Attack, deg
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General Aviation - Run 647

Tt = -7.8°C (17.3 °F)
T, = -10.0°C (13.4°F)

V = 66.9 m/s (130 kts)
AOA = 4.4 °

LWC = 0.44 g/m 3

MVD = 20 #m

Spray = 2.0 min
chord = 90 cm (36 in)

Cd.c_e.o= 0.0171
Ca-iced= 0.0233

Ci-cl_n= 0.837
C_-i_,,d= 0.780

0.08

0.06

O04

0,02

u
%

000

-0 02

-0 04

-0.06

-0.05

f
Ib

m 36" Tracing

MaximumIce Thickness
Upper Lower

1.8 mm(.07") 1.5 mm (.06")

000 005 0.10 0 15 0.20 0.25

X/C

0.0

-0.5

-10.0 -5,0 0.0 5.0 10.0

Angle of Attack, deg

15.0 20.0
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General Aviation - Run 648

T, = -7.8°C (17.3°F)
Ts = -10.0°C (13.4°F)

V = 66.9 m/s (130 kts)
AOA = 4.4 °

LWC = 0.44 g/m 3

MVD = 20 #m

Spray = 5.9 min

chord = 90 cm (36 in)

C__cl,n= 0.0171
Cd_ic_= 0.0235

Cl_clean " 0.832

Cl-_ed= 0.748

0.08

0.06

0.04

o.o2[
I

0._ _
i

43.02

-0,04

4)¸06

jJ

,?T.ic::ess

m 36" Tracing 8.6mm(.34") I 5.3mm(.21")

-0,05
0.(30 04)5 0,10 015 020 0.25

xJc

.e

O
O

_=,

2.0

i -,B--Clean --e--Iced

! : !

i
-0.5 _--_----_ , , ,

-10.0 -5.0

I ' '

0.0 5.0 10.0

Angle of Attack, deg

, , i , , ,

15,0 20,0
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General Aviation - Run 649

T, = -7.8°C (17.3°F)

Ts = -10.0°C (13.4°F)

V = 66.9 m/s (130 kts)

AOA = 4.4 °

LVVC = 0.44 g/m 3

MVD = 20 jam

Spray = 22.0 min

chord = 90 cm (36 in)

Cd..clean '- 0.01 71
C,J-,:ed= 0.0311

C_._,,,,,n= 0.834

C,-,ced= 0.748

0.08

O06

004

002

0.00

_0.02

*0.04

J

I Maximum Ice Thickness

_ Upper Lower

_,_ ' -- 36" Tracing 24.9 mm (09811) 22.6 mm (0.89")
30' Tracing 25 4 mm (100 )122 9 mm (0 90 )

-005 000 005 010 0 15 020 025

X/C

2.0

+ Clean + Iced

0.0

-0.5 ......

-10.0 -5.0 0.0 5.0 10.0

Angle of Attack, deg

150 200
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General Aviation - Run 655

Tt = -9.1°C (15.0°F)
T, = -10.0°C (13.4°F)

V = 42.7 m/s (83 kts)
AOA = 4.4 °

LVVC = 0.65 g/m 3

MVD = 20 p.m

Spray = 2.0 min

chord = 90 cm (36 in)

Cd-cle,n = 0.0172
C,.i=_ = 0.0199

Cl-=l.an= 0.830

Cl_iced= 0.788

0.08 .

0.06-

I

0.04

0.02

0.00

-0 02

-0,04

-0.06 :

4305

/

/

_ 36" Trac!ng

Maximum Ice Thickness

Upper Lower
1.0 mm (.04") 1.0 mm (.04")

1.3 mm (.05") 1.3 mm (.05")

0.00 0.05 0.10

X/C

0.15 0.20 0.25

=

-1

o.o i
!
F

L

r

-0.5

-10.0

I
I
I
i

! i
-5.0 0.0 5.0 10.0

Angle of Attack, deg

15.0 20.0
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General Aviation - Run 656

T, = -9.1°C (15.0°F)
T, = -10.0°C (13.4°F)

V = 42.7 m/s (83 kts)
AOA = 4.4 °

LWC = 0.65 g/m 3

MVD = 20 p.m

Spray = 6.0 min

chord = 90 cm (36 in)

Cd_clean_-"0.0172
Cd-,=_= 0.0242

Cl-_eao= 0.830

Cl-,ced= 0.760

0.08

0¸061

004 L

!

0.02 1

i

000

MaximumIceThickness
Upper Lower

m36" Tracing 3.3 mm (.13") 3.3 mm (.13")
30" Tracing 3.3 mm (.13") 3.8 mm (.15")

-0.02

-0.04 .

-006 ..........

-0.05 0.0(3 0.05 010

X/C

0 15 020 0 25

2.0

-.- Clean --.- Iced

1.5_

1.0

o
"3

o

0.5 +

.-J L
i

L

0.0 _¸

-0.5

-10.0 -5.0 0.0 5.0 10.0

Angle of Attack, deg

15.0 20.0
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General Aviation - Run 657

"It = -4.1°C (24. I°F)
Ts = -5.0°C (22.0°F)

V = 42.7 m/s (83 kts)
AOA = 4.4 °

LWC = 0.65 g/m 3 C,.=,_.o= 0.0172

MVD = 20 #m Cd_,c_= 0.0265

Spray = 5.0 min C___,.ao= 0.834

chord = 90 cm (36 in) C_ = 0.756

0.08

0.06

0.04

0.02

o

000

-002

-0.04

_.06 .....

-0.05

J
J

Maximum Ice ThicknessUpper Lower

m36" Tracing 4.8 mm (.19") I 3.8 mm (.151')
• .... i

0.00 0.05 0.10 0.15 0.20 0.25
x/c

-0.5

-10.0 -5.0

i .... i .... , , i , !

0.0 5.0 10.0 15.0 20.0

Angle of Attack, deg
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General Aviation - Run 661

Tt = -1.8°C (28.2°F)
T, = -4.0°C (24.0°F)

V = 66.9 m/s (130 kts)
AOA = -1.7 °

LWC = 1.00 g/m 3

MVD = 20.5 pm

Spray = 15.0 min
chord = 90 cm (36 in)

Cd_:l_o= 0.0092
Cd-_ = 0.0347

Cl-:_,o = 0.275

C_-i_ed= 0.233

0.08

0.06

004

002

000

-002

_.04

_n/ 30" Tracingg

,1'

i

Maximum Ice Thickness

upper Lower
17.5 mm (0.69") 18.5 mm (0.73")

22.9 mm (0.90")21.1 mm (0.83")

X).06 ..................

-005 0(30 005 010 015

xJc

0 20 025

.,,.r

"5
tE

(3

2.0 ....

--*- Clean --- Iced

1.5 ..... .

1.0, ; .....

o.5, - i . -

0.0

-0.5 . - --_ ........................

-10.0 -5.0 0.0 5.0 10.0 15.0 20.0

Angle of Attack, deg
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Appendix D4

Test Results, General AviationmLTPT
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LTPT

General Aviation - Clean Model

chord = 90 cm (36 in)

o 08

0 O6

o 04

002

000

-0 O2

-004

t

_0_06 _ ..........

0 o5 010 015 020

x/c

-- NLF-0414

025

20

15

0

10

o

._ (?5

oo

-05

-100

Ma = 0.12

---e-Re=3xl0^6

-.-e---Re:6.4xlO^6

-.,t--Re:lOxl0^6

-5O O0 50 10.0 15.0 20.0

Angle of Attack, deg

O

2.0

Re = 6.4x10^6 i ii I

1°1 _ - i

J i/i _

05

0.0 i - +Ma 012

I _ Ma=021

! _ Ma:O.29

-0.5 ..... _ .........................

-100 -50 00 50 10.0 150 20.0

Angle of Attack, deg
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LTPT

General Aviation - Clean Model

20. - 7 - - i

Ma = 0.21 i

_5

"3 o5

oo _ Re=6 4x10^6

_Re=8 lx10^6
!

: --x-- Re=10xl0^6

Re= 12x 10^6

-o 5 .............................
-_oo -50 oo 50 1oo 15o 200

Angle of Attack, deg

._w

.2

u

20 .

Ma = .05
Re = lx10^6

15-- . *

'1

o
05 - _

00 _ "

-O5 ..............................
-100 50 00 50 100 150 200

Angle of Attack, deg

Drag Coefficients, cd

c_= -2.0 o. = 0.0 c_= 2.1 _z= 4.2 o_= 6.2

Run 23, Ma = 0.12, Re = 10x10^6 0.0064 i 0.0086 0.0114 0.0144 0.0180

Run 24, Ua = 0.12, Re = 6,4x10^6 0.0076 : 0.0072 0.0082 0.0107 0.0146

i 0.0322 0.0299 0.0222 i 0.0132
Run 25, Ma = 0.12. Re = 3x10^6 0.0253 !

Run 26, Ma = 0.21. Re = 46x10^6 0.0279 j 0.0287 0.0232 0.0153 i 0.0087

Run 27, Ua = 0.29, Re = 6.4x10^6 0.0418 i 0.0483 0.0463 0.0407 i 0.0361

Run 28, Ua = 0.21, Re = 6.4x10^6 0.0465 ' 0.0530 0,0501 0.0427 0.0353

Run 29 Ua = 0.21, Re = 8.1x10*6 0.0375 0.0439 0.0417 0.0357 0.0303

Run 30, Ua = 0.21, Re = 10x10^6 0.0230 0.0305 0.0282 0.0211 0.0143

Run 32. Ua = 0.21, Re = 12x10^6 0.0261 0.0345 0.0336 0.0282 0.0228

Run 35. Ua = 0.05, Re = lx10^6 0.0029 0.0044 0.0057 0.0069 0.0078

Run 701, Ma = 12, Re = 10x10^6 0.0077 0.0067 0.0080 0.0115 0.0174

Run 702, Ma = 21, Re = 4.6x10^6 0.0103 0.0091 0.0106 0.0148 0.0217

Run 703, Ma = 21, Re = 10x10^6 0.0079 0.0068 I 0.0085 0.0127 0.0196

! 0.0112 i 0.0156 0.0233
Run 704, Ma = 29, Re = 6.4x10^6 0.0112 0.0097 L

Run 705, Ma = 12, Re = 3x10^6 0.0118 0.0102 i 0.0112 0.1490 0.0215

Italicized font indicates force balance data
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LTPT
General Aviation - Clean Model

Runs 701 - 705, Repeat Runs

0

2.0--

i

Ma = 0.12

1,5 7

l ' 1

1.0

0.5

o.o - i# , .
I -41-- Re=3x 10^6

!
; --'_--" Re= 10x 10^6

-05' ! , , i I

-10.0 -5.0 0.0 50 10.0 150 20.0

Angle of Attack, deg

k=

2o_ .. _
Re = 6.4x10^6

{

-O5

Ma=0.29

i
i

-100 -5,0 00 50 10.0

Angle of Attack, (:leg

150 200

2.0 _ , .... • T

Ma= 0.21

QO

00 5.0 10.0

AngleofA_ack, deg

150 20.0
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LTPT
General Aviation - Clean Model (cont.)

Run 23, Ma = 0.12, Re = 10x10^6

8

-40 .....

-e-AOA = -40

-I-- AOA = -20
-35 - - -

--,,,_ AOA = 00
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-25 ..........
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15 ..............
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-40 ...........

F
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-2.o :-

-15
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t
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-01 00 01 02 03 04 05 06 07 08 09 10

x/c
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-80

-75

-70
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-60
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-50

-45

-40

-35
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-25

-20

-15
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-120 ! _ ..... -e-AOA=8.0 ,
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_1 o _ -.--AOA = 120
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-100 ;_ _ Z- -- ff _ : : + --
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j ..............
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F

-_o !-

05 _---
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-2.0
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LTPT

General Aviation - Clean Model (cont.)

Run 24, Ma = 0.12, Re = 6.4x10^6

-1.5

-10

-0.5

00

0.5

1.0

! i

xlc

-_25 F
' ] --e- AOA = 8.0

-12o

-115 i ..... _ _ _: _:: -'_-AOA=10.0
-_Io : i i .... +AOA 12.0i

-io5

-65 -

-60

-55

-50

-45

-40

-35

-30 i

-25 r

-20

00
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10 I
15 , I :

-01 00 01 02 03 04 05 06 07 08 09 !0
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-0.1 O0 01 02 03 04 0.5 0.6 0.7 0.8 09 10
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LTPT
General Aviation - Clean Model (cont.)

Run 25, Ma = 0.12, Re = 3x10^6

-35 ........ T *-

--e-- AOA = -4.0

-m-- AOA = -20

-3.o -- " + _ " _ _ ----.--AOA = 0.0
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LTPT

General Aviation - Clean Model (cont.)

Run 26, Ma = 0.21, Re = 4.6x10^6

-3.5 ----

-3,0 - --

-25 --

-20 ....
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LTPT

General Aviation - Clean Model (cont.)

Run 27, Ma = 0.29, Re = 6.4x10^6
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LTPT

General Aviation - Clean Model (cont.)

Run 28, Ma = 0.21, Re = 6.4x10^6

ii'
-01 0.0 0.1 0,2 0.3 04 05 0.6 07 0,8 0.9 10
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General Aviation - Clean Model (cont.)

Run 29, Ma = 0.21, Re = 8.1x10^6

-40 ......

-e- AOA = -4,0

-i- AOA = -2.0

-3.5 ....... _ AOA = 0.0

-3.0

-2.5 ......

-2.0

-15 ........

-10

-05

0.0

05

1.0

1.5 ...................

-01 00 01 02 03 04 05 06 07 08 0.9 10

x/c

-40

-35

-30

-25

-20

-15

-1.0

-05

00

0.5

10

! 1 i --_-AoA=20
:. J_ .... : _ -- , -.I-- AOA = 4.0

!

15 .................

-01 00 0.1 02 03 Q4 05 06 07 08 09

x/c

10

-105

-100

-95

-90

-8.5

;8.0

-7.5

-70

-65

-60

-55

-50

-45

-40

-3.5

-&0

-2.5

-Z0

-1.5

-1.0

-0.5

0,0
L

05 I.

10 ! I

-01 00 01 02 03 04 0.5 06 07 08 09 10

x/c

-115 ...........

-110 i ....... --_--AOA= 140 -

-I05 i .... : - _AOA Z 160

--w-- AOA = 180 _
-10.0 F .........

-95 _ .......

-9.0 _ ...... +

-8.5 !...... _ ......

-8.0 _ ..... _ -- _ ....

-7.5 _ 4 ,.... _ - - -

-6,5 i .............

-60 i .......

-55 i .......
r

-50 ! ..............

-25 _

-15

-lo i

-0.5

0.0

0.5

10
i

15 •

-01 0,0 01 02 03 04 0.5 06 07 08 09 10

x/c

NASA/TP--2000-210031 225



LTPT

General Aviation - Clean Model (cont.)

Run 30, Ma = 0.21, Re = 10x10^6

a

t

15 " _ ............ -- .....

-01 oo 0t 0.2 03 0.4 05 06 07 08 09 10

x/c

i

xlc

! !

I

-0.1 O0 01 0.2 0.3 0.4 0.5 0.6 0.7 0.8 09 10

x/c

226 NASA/TP---2000-210031



LTPT

General Aviation - Clean Model (cont.)

Run 32, Ma = 0.21, Re = 12x10^6
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General Aviation - Clean Model (cont.)

Run 35, Ma = 0.05, Re = lx10^6
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General Aviation - Clean Model (cont.)

Run 701, Ma = 0.12, Re = 10x10^6
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General Aviation - Clean Model (cont.)

Run 702, Ma = 0.21, Re = 4.6x10^6
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General Aviation - Clean Model (cont.)

Run 703, Ma = 0.21, Re = 10x10^6
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General Aviation - Clean Model (cont.)

Run 704, Ma = 0.29, Re = 6.4x10^6
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General Aviation - Clean Model (cont.)

Run 705, Ma = 0.12, Re = 3x10^6
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General Aviation - Ice Shape 623-2D (SLA)

Ice Shape formed at:

T_ = -2.8°C (26.4°F)

Ts = -5.0°C (22.0°F)

V = 66.9 m/s (130 kts)
AOA = 0.3 °

LWC = 0.54 g/m 3

MVD = 20 p.m

Spray = 22.5 min

chord = 90 cm (36 in)
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0 04
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0o0
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-005

J
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y Smoothed Ice Shape

-- NLF-0414

005 x,_c 010 0 15 020 0 25

2O --T V
Ma = 0.12

i
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i
i
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i i

i l I '

i
_-- i .... I ...... !
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20_ T ....... -- --
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! i i -,,- Ma=029
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General Aviation - Ice Shape 623-2D (SLA) (cont.)

20- +

Ma = io.21
i

15+ +

-l--Re=4.6x10^6

i

t

{
J

_Re=64x10^6

-.--..--Re = 8.1x10^6

__._Re=10xl0^6

i -.e--Re = 12x10^6

,oi!!! !!!!!05

00

t

-05 ............... _ .........

-100 -50 00 50 1013 150 200

Angle of Attack, deg

O

'3
_3
8
o

20--

Ma = .05
Re = lx10^6

_5 ....

10+ ....

++
O0

+o 5 ............................

-100 -50 0o 50 100 150 200

Angle of Attack, deg

Run 101, Ma = 0.12, Re = 10x10^6

Run 102, Ma = 0.21, Re = 10x10^6

Run 103, Ma = 0.21, Re = 4.6x10^6

Run 105, Ma = 0.21, Re = 12x10^6

Run 106. Ma = 012, Re = 6.4x10^6

Run 107, Ma = 0.21, Re = 8.1x10^6

Run 108, Ma = 0.21, Re = 6.4x10^6

IRun 109, Ma = 0.12, Re = 3x10^6

Run 111, Ma = 0.29. Re = 6+4x10^6

Run 112, Ma = 0.05, Re = lx10*6
Italicized font indicates force balance data

Drag Coefficients, cd

o+= -2.0 (z = 0.0 o_= 2.1 o_= 4.2 o_= 6.2

0.0235 0.0181 0.0234 0.0395 0.0589

0.0096 0.0096

0.0203 0.0215
0.0064 0.0055

0.09310.0249 0.0528

0.0373 0.0657 0.1039
0.0204 0.0499 0.0885

0.09690.0137 0.0137 0.0292 0.0576
0.0127 0.0095 0.0246 0.0543 0.0950
0.0166 0.0289 0.0588 0.0997

0.0168 0.0430
0.0139

0.0134 I 0.0057 0.0820

0.0292 0.0323 0.0439 0.0663 0.1016

0.0078 0.0069 0.0062 J 0.0058 0.0058
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General Aviation - Ice Shape 623-2D (SLA) (cont.)

Run 101, Ma = 0.12, Re = 10x10^6
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General Aviation - Ice Shape 623-2D (SLA) (cont.)

Run 102, Ma = 0.21, Re - 10x10^6
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General Aviation - Ice Shape 623-2D (SLA) (cont.)

Run 103, Ma = 0.21, Re = 4.6x10^6
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General Aviation - Ice Shape 623-2D (SLA) (cont.)

Run 105, Ma = 0.21, Re - 12x10^6
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General Aviation - Ice Shape 623-2D (SLA) (cont.)

Run 106, Ma = 0.12, Re = 6.4x10^6
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General Aviation - Ice Shape 623-2D (SLA) (cont.)

Run 107, Ma = 0.21, Re = 8.1x10^6
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General Aviation - Ice Shape 623-2D (SLA) (cont.)

Run 108, Ma = 0.21, Re = 6.4x10^6
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General Aviation - Ice Shape 623-2D (SLA) (cont.)

Run 109, Ma = 0.12, Re = 3x10^6
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General Aviation - Ice Shape 623-2D (SLA) (cont.)

Run 111, Ma = 0.29, Re = 6.4x10^6
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General Aviation - Ice Shape 623-2D (SLA) (cont.)

Run 112, Ma = 0.05, Re = lx10^6
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General Aviation - Ice Shape 623-3D (Casting)

Ice Shape formed at:

T_= -2.8°C (26.4°F)

T_ = -5.0°C (22.0°F)

V = 66.9 m/s (130 kts)
AOA = 0.3 °

LWC = 0.54 g/m 3

MVD = 20 pm

Spray = 22.5 min

chord = 90 cm (36 in)

o o6
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002

ooo
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004 .

-0 06 /

-005

J

30" Tracing
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000 005 OX_c0 0 15 020 025
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I
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i--,i--Re=10xl0^6

o
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20

Re = 6.4x10^6 i -l--Ma=0.12
i "--'*-- Ma=0.21i I

Ma=0.29
I i , ,

15 _----_ _ _ _ i

I
I I

i 1
1

i

-10(3 -50 00 5O 100
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i .... :
150 20O
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General Aviation - Ice Shape 623-3D (Casting) (cont.)

20 .......

--_-Re=4.6x10^6

Ma =i0.21 --o-- Re=6.4x 10^6

--,--Re=10xl0^6

i

15 ......

20T _ - -

Ma = ,05

Re = lx10^6

15_ -

,{
'_ 05 - -

00-

0 10 ........

00 / ....

-05 + ......... + ....

-100 -50 oo 50 100

Angle of Attack, deg

150 200

-05 ........................

-100 -50 00 50 100 150 200

Angle of Attack, deg

Drag Coefficients, cd

c_= -2.0

Run 204, Ma = 0.21, Re = 4.6x10^6

c_= 0.0
L

_ c_= 2.1

i 0.0351

o_= 4.2 c_= 6.2

Run 201, Ma = 0.12, Re = 10x10^6 0.0353 0.0271 0.0584 0.1041

Run 202, Ma = 0.12, Re = 64x10^6 0.0350 0.0267 0.0349 0.0593 0.1049

1Run 203, Ma = 0.21, Re = 10x10^6 0.0349 0.0263 0.0348 0.0605 i 0.1203
O.0407 O.0389 O.0559 O.0559 O. 1296

0.0272 0.0273Run 207, Ma = 0.21, Re = 6.4x10^6
0,0586 i0.0164 0.1222

Run 208, Ma = 0.12, Re = 3x10^6 0.0319 0.0237 0.0317 0.0558 0.0956

Run 210, aa = 0.29, Re = 6.4x10^6 0.0442 0.0441 0.0553 0.0811 0.1250

Run 211, aa = 0.05, Re = lx10^6 0.0099 0.0090 [ 0.0082 0.0076 0.0072

Italicmed font indicates force balance data
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General Aviation - Ice Shape 623-3D (Casting) (cont.)

Run 201, Ma = 0.12, Re = 10x10^6
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General Aviation - Ice Shape 623-3D (Casting) (cont.)

Run 202, Ma = 0.12, Re = 6.4x10^6
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General Aviation - Ice Shape 623-3D (Casting) (cont.)

Run 203, Ma = 0.21, Re = 10x10^6
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General Aviation - Ice Shape 623-3D (Casting) (cont.)

Run 204, Ma = 0.21, Re = 4.6x10^6
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General Aviation - Ice Shape 623-3D (Casting) (cont.)

Run 207, Ma = 0.21, Re = 6.4x10^6
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General Aviation - Ice Shape 623-3D (Casting) (cont.)

Run 208, Ma = 0.12, Re = 3x10^6
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General Aviation - Ice Shape 623-3D (Casting) (cont.)

Run 210, Ma = 0.29, Re = 6.4x10^6
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General Aviation - Ice Shape 623-3D (Casting) (cont.)

Run 211, Ma = 0.05, Re = lx10^6
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General Aviation - Ice Shape 622-2D (SLA)

Ice Shape formed at:

T, = -2.8°C (26.4°F)

Ts = -5.0°C (2ZO°F)

V = 66.9 m/s (130 kts)
AOA = 0.3 °

LWC = 0.54 g/m 3

MVD = 20 !um

Spray = 22.5 min

chord = 90 cm (36 in)

008

o 06

o 04

002

o oo

-002

o04

-006 ....

-005
000 005 x/c 010

Smoothed Ice Shape

-- NLF-0414

015 020 025

I
Ma =!0,12

15 ---
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i

05 i
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O0 _-
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-051 .... ,

-100 50

: i
--m--Re=3xl0^6

i
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--_--Re=10xl0^6

l

i i

i i-
i I

i
i

i .... i

O 0 50 100 150 200

Angle of A_ack, deg

2.0

15

-0.5

-100

Re = 6.4x10^6
i

I

i i i I ....

-5.0 0.0 5.0 10.0

Angle of Attack, deg

--m-Ma=0.12

--s--Ma=0.21

_Ma=029

I ---

15.0 20.0
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General Aviation - Ice Shape 622-2D (SLA) (cont.)

Re=4 6x10^6

I Ma = 0.21 --o--Re=64x10^6
r

--,p.- Re= 10x10^6

10

05

0

c

o

20 ....

Ma = .05
Re = lx10 ^

15 .

00_--

i

-0 5 .................. * ..........

-10 0 -5 0 oo 5 0 10 0 15 0 20 0

Angle of Attack, deg

-I0 0 -5 0 00 50 100

Angle of Attack, deg

150 200

Drag Coefficients, c_

i (z = -2.0 cz= 0.0 oc= 2.1 (z = 4.2 c_= 6.2

Run 301, aa = 0.12, Re = 10x10^6 0.0134 0.0120 0.0134 0.0175 0.0242

Run 302, Ua = 0,12, Re = 6.4x10^6 0.0104 0,0089 0.0104 0.0148 0.0363

'_Run 304, aa = 0.29, Re = 6,4x10^6 0.0158 0.0t 39 0.0157 0.0213 0.0306
Run 306, Ma = 0.21, Re = 10xl 0^6 0.0129 0.0108 0.0134 0.0205 0.0323

Run 307, Ma = 0.21, Re = 6.4x10^6 0.0137 0.0113 0.0143 0.0226 0.0362
Run 308, Ma = 0,12, Re = 3x10^6 0.0159 0.0135 0.0164 0.0246 0.0379

Run 309, Ma = 0.21, Re = 4.6x10^6 0.0303 0.0170 0.0165 ! 0.0293 0.0528
!

Run 310, Ma = 0.05, Re = lx10^6 0.0062 0.0047 i 0.0039 i 0.0038 0.0040

Italicized font indicates force balance data
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General Aviation - Ice Shape 622-2D (SLA) (cont.)

Run 301, Ma = 0.12, Re = 10x10^6
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General Aviation - Ice Shape 622-2D (SLA) (cont.)

Run 302, Ma = 0.12, Re- 6.4x10^6
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General Aviation - Ice Shape 622-2D (SLA) (cont.)

Run 304, Ma = 0.29, Re = 6.4x10"6
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General Aviation - Ice Shape 622-2D (SLA) (cont.)

Run 306, Ma = 0.21, Re = 10x10^6
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General Aviation - Ice Shape 622-2D (SLA) (cont.)

Run 307, Ma = 0.21, Re = 6.4x10^6
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General Aviation - Ice Shape 622-2D (SLA) (cont.)

Run 308, Ma - 0.12, Re = 3x10^6
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General Aviation - Ice Shape 622-2D (SLA) (cont.)

Run 309, Ma = 0.21, Re = 4.6x10^6
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General Aviation - Ice Shape 622-2D (SLA) (cont.)

Run 310, Ma = 0.05, Re = lx10^6

-3.0

-2.5 _ _ -

-2.0 _ i

I

: -e- AOA = -4.0

-e- AOA = -2.0

i

: i

/
-15

a

-1.0

-0.5 i

0.0

05 ....................

-01 0.0 01 0.2 03 04 05 06 07 0.8 09 10

x/c

-30 ..... : - • •

--e- AOA = 0,0

AOA = 2.0

-25 I .........
-20 i _ - - * ....

-1.5

-10

-05

O0

05 ..................

-01 00 0,1 02 03 04 05 06 07 08 09 10

xlc

-2.0

-1.5

-I.0

-05

0.0

0.5 _ ..................
-01 00 01 02 03 0.4 0.5 06 07 0.8 09 10

x/c

NAS A/TP--2000-210031 265



LTPT

General Aviation - Ice Shape 622-3D (Casting)

Ice Shape formed at:

T_ = -2.8°C (26.4°F)
T, = -5.0°C (22.0°F)

V = 66.9 m/s (130 kts)
AOA = 0.3 °

LWC = 0.54 g/m 3

MVD = 20 #m

Spray = 22.5 min

chord = 90 cm (36 in)
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General Aviation - Ice Shape 622-3D (Casting) (cont.)
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Drag Coefficients, Cd

c_= -2.0 o_= 0.0 c_= 2.1 o_= 4.2 { o_= 6.2

!Run401, Ma= 0,12, Re= 10x10^6 0.0170 0.0133 0.0178 0.0305 0.0511

IRun402, Ma= 0.12, Re= 6.4x10^6 0.0183 0.0143 0.0188 0.0316 0.0528
Run403, Ma= 0.21. Re= 4.6x10^6 0,0179 0.0138 0.0185 0.0317 0.0530

Run404, Ma= 0.29, IRe= 6.4x10^6 0.0197 0.0156 L 0.0200 i 0.0329 0.0542
Run406, Ma= 0.21, Re= 10x10^6 0.0173 0.0132 0.0180 0.0316 0.0541

Run407, Ma= 0.21, Re= 64x10^6 0.0184 0.0t42 0.0189 0.0321 0.0541
0.0198 0.0158 0.0201 0.0327 0.0532Run 409, Ma = 0.12, Re = 3x10^6

Run 410, Ma = 0.05, IRe = lx10^6 0.0033 0,0029 0.0026 0.0026 0.0030

Italicized font indicates force balance data
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General Aviation - Ice Shape 622-3D (Casting) (cont.)

Run 401, Ma = 0.12, Re = 10x10^6
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General Aviation - Ice Shape 622-3D (Casting) (cont.)

Run 402, Ma = 0.12, Re = 6.4x10^6
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General Aviation - Ice Shape 622-3D (Casting) (cont.)

Run 403, Ma = 0.21, Re = 4.6x10^6
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General Aviation - Ice Shape 622-3D (Casting) (cont.)

Run 404, Ma = 0.29, Re = 6.4x10^6
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General Aviation - Ice Shape 622-3D (Casting) (cont.)

Run 406, Ma = 0.21, Re = 10x10^6
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General Aviation - Ice Shape 622-3D (Casting) (cont.)

Run 407, Ma = 0.21, Re = 6.4x10^6
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General Aviation - Ice Shape 622-3D (Casting) (cont.)

Run 409, Ma = 0.12, Re = 3x10^6
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General Aviation - Ice Shape 622-3D (Casting) (cont.)

Run 410, Ma = 0.05, Re = lx10^6
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General Aviation - Ice Shape 621-2D (SLA)

Ice Shape formed at:

Tt = -2.8°C (26.4°F)
Ts = -5.0°C (22.0°F)

V = 66.9 m/s (130 kts)
AOA = 0.4 °

LWC = 0.54 g/m 3

MVD = 20 pm

Spray = 2.0 min

chord = 90 cm (36 in)
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General Aviation - Ice Shape 621-2D (SLA) (cont.)
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Angle of Attack, deg

Drag Coefficients, cd

{ e_= -2.0 o_= 0.0 e_= 2.1 i o, = 4.2 _ = 6.2

Run 501,Ma = 0.12, Re= 10x10^6 0.0104 0.0092 0.0104 0.0141 0.0200

Run 502,Ma = 0.12, Re= 6.4x10^6 0.01 38 0.0125 0.0135 i 0.0160 0.0209
Run 503,Ma= 0.21, Re= 10x10^6 0.0114 0.0101 0.0113 0.0151 0.0213
Run 504,Ma= 0.21, Re= 4.6x10^6 0.0181 0.0166 0.0171 0.0198 0.0247

Run 505,Ma= 0.29, Re= 6.4x10^6 0.0172 0.0153 0.0162 0.0197 0.0258
Run 507, Ma = 0.21, Re= 6.4x10^6 0.0154 0.0137 0.0145 0.0176 0.0232

Run 508,Ma= 0.12, Re= 3xl 0*6 0.0200 0,0183 0.0187 0.0212 0.0259

Run 510,Ma= 0.05, Re= lx10^6 0.0452 I 0.0361 0.0290 0.0241 0.0209
Italicized font indicates force balance data
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General Aviation - Ice Shape 621-2D (SLA) (cont.)

Run 501, Ma = 0.12, Re = 10x10^6
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General Aviation - Ice Shape 621-2D (SLA) (cont.)

Run 502, Ma = 0.12, Re = 6.4x10^6
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General Aviation - Ice Shape 621-2D (SLA) (cont.)

Run 503, Ma = 0.21, Re = 10x10^6
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General Aviation - Ice Shape 621-2D (SLA) (cont.)

Run 504, Ma = 0.21, Re = 4.6x10^6
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General Aviation - Ice Shape 621-2D (SLA) (cont.)

Run 505, Ma = 0.29, Re = 6.4x10"6
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General Aviation - Ice Shape 621-2D (SLA) (cont.)

Run 507, Ma = 0.21, Re = 6.4x10^6
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General Aviation - Ice Shape 621-2D (SLA) (cont.)

Run 508, Ma = 0.12, Re = 3x10^6
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General Aviation - Ice Shape 621-2D (SLA) (cont.)

Run 510, Ma -- 0.05, Re = lx10^6
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